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PREFACE 


r I tejJl-book is an attempt to give the stiftletit, from 
J- ()iitset, the benefits derived from the recent advance 
iif our knowledge of the nature of electrioity. 

Il^is claimed that, by realizing the properties of Nature's 
unit — the Electron— the beginner can gain a more vivid con- 
ception of^eledtric pressure and electric currcrit than w»ia 
possible before the electron theory w.is formulated. 

The method of teaching, b;i8ed oiv^ practical experiment, 
that has proved to bo usefid throughout the aeries of manuals 
known a.s “ Experimental Scienc<‘,” is continued here. 

Many young students build up their knowled^^ of electricity 
on^a foundation of tly; elementary principles of Meiiaurement, 
Hydrostatics, Meclianics, Heat and ( 'hemi.stry, awpiired during 
the first ^0 or three years of a Secondary School course ; 
th^se who do not possess this ground work, should jidd to their 
acquaintance with ihq concept of Energy, while rtading the 
earlier chapters of the book. 

The Matriculation .syllabus i.s covered fl^ly by this volume. 
Practical work is carried to the standard of the Higher School 
Certificate, so that prepiration for the second examination 
may b§ completed with only th^ aid of a few notes from tlje 
teacher in order to elaborate the tfieory of the Experiments. 

The chapter on the “ Generation and Practical Applications 
of Electricity,” and the detailed description of apparatus, 
should appeal to technical School students’ and works' 
anprentices. 

^it is hoped that the last chapter wili convey, td the en- 
thusiast in " WiAdess,” the essentials of the subject, although 
necessarily in a condensed ?orm. 
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As lit other books of the scries, a special feature has ]je 
made of th^ large number of exercises hppgnded to ea 
l?hapter in addition to the worked examples in the text. 

In many«school labora^torios, the benches are Applied wi 
current from the mains. This main current should alwa 
pass through a suitably high resistance. Whenever^ the m?^ 
supply is ised, the teacher should caution the pupils nev 
to touch the apparatus with wet hands, and himself eftsu 
that the conru'ctions are correct before the main current 
switched on. 

The writer is indebted to Mr J. M. Moir, K.Sc., of tt 
Physical Department of the Livi'rpool Collegiate Schoc 
whom he cordially thanks, for drafting the last three* chapter 
preparing th^ Examples, and collaboration throughout i 
contriving experiments and in proof-reading. 

Ho also wishes to thank Mr T. V. Baxter, M.A., B.Sc 
Headmaster of Gotham School, Bristol, Mr A. Swithinbank 
M.Sc., Headmaster of Walton Technical School, Liverp(jol 
Mr H. Jennings, B.Sc., of Liverpool Oollegiatc School, anc 
Mr F. Fafrbrother, M.Sc.. Headmastef oT Leighton Buzzarc 
School, who have m^ain given valuable help and criticism. 

He would gratemlly acknowlecjgo the permission given b} 
the following companies for the use of illustrations from theii 
books and catalogues : 

• Messrs Becker & Co., Lq|idon, Messrs Pye & Co., CamTjridge, 
The Cambridge & Paul Instrument Co., Messrs Charles Griffin 
& Co., Publishei-8 (Maps on p. 45), The British Thorason- 
Houston Co^ Rugby (Figs, lif, 155, 15G), The Metropolitan 
Vickers Co., Manchester (Figs. 153, 154, 181), The Ediswan Co., 
Neycastje (Figs. 151, 159), and The Syndics of the Cambridp|ii 
University Press for diagrams from their^pyJ)lications. 

S.B.R 
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^ EXPERIMENTAL 
ELECTRICITY AND MAGNETISM 


CHAPTER I 

^LECTltONS, ELECTRIC CHARGES, ELECTRIC CURRENT 

Electricity in the service of man is a distinguishing 
feature of the present age. The transformation of water-power 
and steam -go wt;!* into the energy of tin; electric current, which 
in turn provides heating, lighting, inagiu'tic and clieniical efiects, 
is familiar fb everyone. Mountainous districts, such as Wales, 
Norway and Switzerland, furnish instances of the heavy rainfall 
being utilized to store potential energy in the water collected in 
lakgs and reservoirs among tlie hills. Long pipe-li^ies convey this 
wq^er to the valleys, where at a lower level the kinetic energy of 
rushing water is used (to rotate water-whe(jls and turbines, which 
hand on “power” to the dynafnos of the gerierating stations 
where a current oj electricity is pnxlueed. Copp(;r cables carry 
this electric current throughout whole districts to places where it 
is required for traction and locomotion (electric trails and rail- 
ways), for working machines through the agency of electric motors, 
for welding, heating, lighting and cooking, ^nd for chemical uses 
such as smelting, elect rolysi.s*and electroplating. 

The lightning Hash is one of the manifestations of electricity 
in motion with which earliest mafi must have been familiar. We 
read tliat the ancients ascribed tlie^thunderbolt to Jove as^his 
peculiar weapon, but it is only in comparatively recent years that 
the tiniest electric spark and lightning have been shown to bo of 
the same order. 

3. The electron — the unit of negative electricity. 

The beginner often asks — what is electricity? — wfiat ifi the 
electric current? Hn* order to help us to answer these questions 
and to visualize what we can never hope«to see, must begin 
by an enquiry into the nature of matter itself. 
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Eleetridty amUMo^fetism [tffi. i 

In our stu^y of elementary chemistry, we learned thatp(a) 
natter is made up of small particles called atoms indfviiibles ”) 
and (6) all atoms of the same clement have equal weights. This 
theory wfia formulated by John Dalton in 1804. Ah«r the lapse 
of a century, a scries of brilliant researches by British, American, 
French and German scientists has revealed that atoms are n^t 
indivisible Jls was supposed, but are built up of particles which 
may prove to be electricity itself. At any rate it is now %eld 
that electricity pervades all matter. There are recognized by the 
chemist approximately one hundred different elem^nts-^hydrogen, 
copper, gold and the rest — any one of which is compoied of atoms 
which in the so-called neutral or unelectrijied state resemble each 
other identically. 

An atom of an eleiiuuit in this unelectrified state may be 
imagined as inilde up of tiro kinds of matter each possessing an 
equal, but opposite, neutralizing charge of ^electricity : * 

(a) the nucleui, which is said to be positively charged^ 

and {h) one or more negative units of electricity, called 

electrons. 

The term positive electron ia sometimes assign^ to the nuoleus of th« 
atom, the other neutralizing particles being called negative electrons. In thi 
book however the word cl^trons indicates the negatively charged particles only 

Although, as we have just said, 4here are nearly one hundrec 
different chemical elements, i.e. there are nearly one hundrec 
different kinds of positive atou^ic nuclei, yet the^re is only om 
kind of electron. All electrons are identical ^ ; but each atomic 


* Electrons arc exceedingly small; their size relatively to that of the 
atom to which they are attached may be compared as the volume of an 
airship is to that of the earth. It ha|hpen calculated that 


(a) the raBius of an electron (assumed to spherical) <10'‘^cms.; 
i.e. < oi ^he radius of any atom ; 


(b) mass of an electron =s 


(c] L eleotris chai^^s 1*6 x 10~** K.tf.ttnit [see § 46]; 

(d) energy required to liberate the first electron from an atpm 
= 10““ ergs (approx.). 
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nuqjeus (+”) is capable of attaching to itself a Vejinite number u< 
electrics unifs of electricity) which render the atom neutral 
or uncharged. This numl)er is called the atomic number of t^e 
particular ^buient. Thus a neutral atom jK>ss<?88e8^jt) a positive 
nucleus together with (b) its atomic number of electrons or units 
of negatito electricitj', e.(j. 

A neutral atom = poflitivc nucleus f atomic mmber x electrons ( - 

of hydrogen - ,, „ of hydrogen • + one electron (- ’'*) 

or copper = ,, ,, of copper + twenty-nine electrons 

or gold 9^ •„ ,, of gold + seventy -nine electrons 

The atomic numbere are found by arranging the elements in 
the or4er of their atomic weightH, thus: hydrogen, 1, helium, 2, 
lithium, 3, etc. 

^3. Conductors and non-conductors (ixfsulators). 

In § 1 we mentioned eopi)er cables as carriers of electricity: 
we know that telegrapli lines are made of iron or cop|)er, that 
lightning conduetijrs, telephone and electric btsll wires, the “live 
rill ” of the electric railway, and the overhead wire of tlm electric 
tramway are of cop|\i?r, and that the metallic parts of» flash lamp 
or of a magneto convey electricity. On the other hand we have 
noticed that coverings of silk, cotton, indieVrubber, pitched and 
paraffined fabric, and porce^iiin are used to prevent the escape 
of electricity. Hence we may divide substances into two 
classesi: 

(1) conductors which convey ejeciriciiy readily and •are 
chiefly metals and alloys of metals ; 

(2) non-conductors or Insulators (chiefljr non>metalUc 
snbstatices) which pi^vent the passage of electricity. 

> It is possible thsi the nucleus of the hydrogen atdkn msy^rovS to be 
tbs positive oountergart of the electron (unit of nsgative electricity): but for 
tbs present we may say (hat t^e unit of positive eleo^city is the charge which 
is equal to that on the bydi^efl nucleus and Wiicb neutmlizes tlm charge 
of an electron. 

1-8 
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' OonduoVon 

arranged in the ofder of their ability 
t^omluct electricity, i.e. in order of 
thteir condnctnnce. 

f Metals 

Silver 

Copper ... . 

Gold... . 

Aluminium 

Iron 

A Hoy I 
Gorman Silver .. 

(Cu 6(1^7^,, Zn 207 . Ni 11%) 

Platinoid .'J 

(Cu 6H, Zu 26, Ni I t, W 2) 

Kurcka 3 

(Cu 00, Ni 40) 


jron>eondnoton 

or Inaulatora i(Lat. insula s= island) 
Glass 
Quartz 
Mica 
Hock 

Porcelain and Stoneware 
Pitch 
Shellac 
llesin 

India-rubber 
Vulcanite 
Parallin 
OilH 

Silk and (Jotton 
Wood 
Celluloid 
Pure Water 
Dry Air 

Faxtial or inditTorent Condilctora 

Graphite, Gas Carbon, Carbon Filuinent 


100 

100 

75 

54 

10 

7-5 


4. Conduction and the Electric Current. 

Tho Electron Theory help.s ua t/O })icturv.> to ourselves some of 
the conditioJis inside a metallic ring or closed wire, €,</, of copper. 
^Ve may imagine that tiu; nucleus of each atom is more or less 
rigid and fixed, with its 29 satellite electrons neutralizing its 
positive chargti aud held in control by forces of attraction between 
the positive nucleus and the negative units or electrons. Some of 
the electrons, however, we may imagine to be but loosely attached 
to the nucleus. A small buf definite amount of work* liberates 
the first of tliese electrons, and by the expenditure of more 
energy others may he detached ^a^d migrate to adjoining atoms 
whose electroifs will now exceed the atomii^ number (29) : these 
atoms will now lie negatively charged; on the other hand the 
atoms thtft ha>sa los^ electrons are positively charged. £a^ 
negatively charged atom will now be ready <0 part with an 

* Conversely ,«by the Tjan* of ConservatiAi 0!^ Energy, the same anumnt of 
cork ii done by the electron in returning to its atom. 
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fllecjifron, whicli will not neoossarily l )0 th(‘ Haiin’Tolt'Ctroi! that ha.s 
just Cjjtojjpd t]io {ftoin ill question ; niul, in turn *oach positivelv 
charged atom, t.p. with a ilefect of ehu'trons, will lx* ready Vj 
receive any^lectron which is loosely attached to aif atom near it 
or is wandering about unattached. In /ac/o/.v, it is suppfised that 
such loofitly attached or even wandering <‘lectrons exist, so that 
w'e may imagine transference of electrons taking f^laci* by the 
casting off and absorption of these wandering or readily detached 
electrons. This r(‘ady transference, of electrons is called con* 
duction. ,Wf‘*may further imagim^ tin* introduction of a force 
which can ^irect the, migration in any particular direction, and so 
produce a stream of electrons round the circuit. Such a force 
which causes a stream of electrons to move betw(*en and through 
the atoms in a delinite <lirection is <'alled an Electro -Motive 
Force, and the stream is called an Electric Current. 

*\Ve must imagine th^ii tliat these ElectronH (the ultimate units of 
negative eicetricit>) are very much smaller than tla; atoms and the spaces 
between the atoms. The itpeed of electrons varies hut it is high, being com- 
parable to that of ligli^. The.w minute particles, moving with great velocities, 
may be imagined as passing freely through the n latively large atoms and 
the spaces between the^*; and we may suppose; that, in a i^etallic ring or 
circuit, where the atoms readily part with and receive electrons, the stream 
may be caused to jiass in a definite direction some^vhat in the same way as 
water or air may bo directed in a tube, or may surge to and fro as the pres- 
sure is increased or diminished irf various parts of tin; circuit. 

As there arc forces acting not only bid ween the nuclei and 
the electrons, but also Ixjtwecn* tln3 electrons themselves, it .is 
necessary to assume the existence ot^an all-pc‘rvading mediura in 
which the interacting stresses and strains are communicated. 
This medium we call the ethe^; ^f space. 

Unattached eleq^roni repel each other wit4i forces acting 
radially from their centres (assuming the electrons to Ixi spherical) 
**tlirough the ether which surrounds them lilong •lines ^hich are 
termed “ Linei «of. Electric Force.” We may imagine then, 
that, owing to this rautuil impulsion amoi^gthe electrons,, 
pressure^ or potential as it is calle^ exists, comparable to 
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hj/aroHtafic prmitire in a gas. Tiie analogy of small rubber ^alls 
packed tightly^into a bag or squeezed in a stream, against resist- 
fififce through a tube will help us to understand these repelling 
forces betvvcfvi electrons. Batih ball repels its neighb^tfrs and the 
outer bills fend to burst through the bag or tube. 


5. Non-conductors or insulators. It is assumed th^t 
in non-conducting subsUnces [see Table, ^ 3] electrons capnot 
move freely, if at all, from atom to atom. Hence a covering of 
insulating substance round a wire prevents the esi^ipe of electrons 
somewhat in the same way as the tube mentioned above prevented 
the escape of the. rubber ImiHs squeezed through it. 


0. Bsp. To ataow tbat aleotrona repel electrons, but attract atonui 
deprived of electrons. 

« ‘ 

(i) BruHh a piece of warmed dry brown paper with a dry clothes-brufh : 
the paper adhercH to a dry wall for some considensble time. On the electron 
theory outlined above the explanation is as follows : the work done in over- 
coming friction between brush and paper separates some of the electrons 
from their atoms, and transfers electrons from bruslf to paper ; the papf r, 
previously neutral, is now super-charged with electrons, i.e. is negatively 
eleotrided ; thi atoms in the brash, on the other band, have lost electrons, 
so that the brush Mpogitivehj electrified. 

(ii) Suspend a smal/wiro stirrup from the insulating stand shown in 
Fig. 1 [i«fer to Table of Insulators, §8]. 
Two spills of warm dry paper are briskly 
brushed with a warmed clothes-brush : one 
of the spills is then placed in the*Btirrop ; 
Sn bringing the second piece of paper near 

to the suspended spill the latter is repelled, 
but it is attracted by the brush, or by the 
baud 6r any unelectritied (neutral) object. 

(1) Bcpulaioi^ is explained by assoming 
tbat both spills are cliarged with an excess 
of electrons— ‘'Ulu ebai^^M vapcl •aflP' 
otbtr." 

(2)^ Attra^oa i8<ox^Iained by suppling tbat the excess of electrons 
on the paper (the negative charge) : 


glass rod coated 

with shellac 



-^paraffin block 


•Fig. !.• 
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^ I % • 

(a) attracts the positively charged atoms on the brush ; 

in the case of the hand or any nnelectrified o6ject, repdls eleotroui 
from (Jie |ear atomS to the more remote parts, thus leafing the hear part 
poHitivehj charged— “ unllka charcaa attract each other/’ the 
unlikes ’’SBiideavouring to combine and restore the uncharged or neu^a 
condition. it this way the adhering of tfm brushed papA^to the wall i 
expl%ined. 

Bzpa. (i) to confirm the above theory; 

(ii) to illuatrate the terms 

(ti) Induction, 

(h) Induced charge. 




In Figs. 2 a, b, c, B and C are tw% insulated metallic spheres < *eaot 
having a small hole or metal ring at the top. * 

Ww & wire connecting B and C which may be lifted off quickly by meant 
of a shellac-coated glass rod, R. • ^ 

iw4 is the insulate^ and suspended spill, negatively *cha.rged {i.e. with 
electrons in excess). 

In Fig. 2 a the upelectrified but connected qpheres^are plq|sed so that B 
is brought near ^ A. Attraction is noticed between A and H,* because 
1 Wooden balls covered wit^ tin-foil serve the purpose of metal spheres. 




8 


EUeeiricity and Magnetism [cj. i 

f 0 I 

electrons in «the sphere system B and C are repelled so that there is an 
excess of electrons (fti C and n dearth of them on B. The negatively ch^ged 
body A and the positively charged sphere B now attract eaph ot^er ^ order 
iMproduce, if possible, a neutral condition. 

• In Fig. 2 b the effect is shown of bringing near to C ajaitger piece of 
paper, brushyiT briskly, and thus highly cliarged with cllctrons 
Electrons now rush along the conducting wire II* and crowd in cxccs^on It 



so that B is ueffativcli/ charged : repuhiou occurs between A and B, both 
being negatively charged ; the stresses and strains in the ether are indicated 
by the dotted “lines of force.” (Quickly lift off the wire 11' by means of ftie 
glass rod U (Fig. 2e). A and B still repel each ^ther, and on replacing B 
by C there is a stronger attrtu'tion between A and C than when the uncharged 
spheres wore used ah shown in Fig. 2a. Next bring B and C into contact 
and n(»to that together tlioy attract .1, just as any other body doeir. 

This method of charging the two splieros respectively (1) with excess of 
electrons (negatively), (2) with electrons in defect (poi^ivtdy) is called Induc- 
tion: D is called the ch irgiiuf body (in this case neyatire); an oppogite 
charge is induced at thc/irur end of the insulated system and a like charge 
is induced at the remote end. The two oppoigte charges neutralize each other, 
for on removing 1), the insulated system is still uncharged. This shows that 
tKo equal but vppoeite charges are induced at the same time. 

Additional Bxps. A. Try the el^ct of substituting for the electrified 
paper {!)) the following: 

(1) Sealing wax rubbed yfiih flannel. 

(2) GUus „ „ \ilk, 

(i) The sealing wax behaves as tbo*paper did, but more markedly — 
electrons are in excess on the sealing wax ; it is negatively charged, (ii) The 
glass is pt^sUively charged, 

B. Uepe:^ the experiments, placing charged rodi^ of sealing wax and* 
glass successively in the stirrup, and substituting for D pther charged rods 
of sealing wax and glass. Beoord your observaticpis carefully and makA vnn- 
own deduotions. < 
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7. The Electroscope is an instrument^for dSt^jcting tlu 
prdlence and nature of small charges of electricity. It may hf 
readily afid inexpensively made hy tlie students tliems(‘lves. 
consists oiau insulated brass strip or thick wire Ali, h(*nt in the 
form sho\vri*in Fig. 3. A brass knob (A') nr an open im'tal can [C] 
mayj[>e fitted to the end .1. At A a llange is solderi'd. At the 


bend D a strip of gold or alu 
mimum leaf {G) is attached by a 
thin coating of seccotine, care 
being taken to preserve metallic 
contact between the rod and the 
leaf. The Iftaf of the electroscope; 
is protected from draughts by 
supporting it in a glass Imttle, 
the metal rmi Al'DH iKiing held 
by the flange which rests on an 
insulating plug of pan^^hn wax or 
on a half-split cork previously 
well soaked in nielt«;d paratliu 
’vfcxb The instrument is ren- 
dered more sensitive 'by cement- 



ing a strip of tin-foil Tl\ on the outside and bottom of the glass 


vessel, opposite to the leaf (G). \ 


Bzp. (i) To charge the electroscope with excess of electrons (i.e. 
negatively) by contact. 

(1) ^Touch tlie kuob {K) by (a) ^farmed paper tliat has been brushed 

with a warm dry brush ; (b) a stick of ebonite or sealing wax rubbed w^th 
flannel: or > 

(2) Replace the knob (A') with the can (C) into which may be placed the 
brushed paper or the rubbed sealing wax. The insulated metallic part of the 
electroscope is now charged with excels of electrons and, as they repel each 
otheivthe light leaf {G) fends to fly away from the rod Dli : the electroscope 
ig said to be charged negatively. 

1 The insulation by means of paraffin wax must be as perfect as possible : 
it is well too to coot tly? glass inside and out with shellac varnish (paint or 
wash with shellac dissolv^ in n^thylated spirit) wjiich prevents the deposit 
of a thin film of moisture on glass. 
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Ijotice that if we touch the eleotrofioope the leaf falls; it 
is said to be discharged or aartHed, i.e. connected to the earth. We ma^pcon- 
slder the Earth to be a huge mass of neutral atoms intd which el|ctr^ns may 
liftjape from a negatively charged body or from which electrons may be drawn 
t8 any extent yithout affecting the neutral condition of so large a quantity 
of atoms. Ctimpare with this neutral "earthA" condition; 

water pumped into or out of the sea does not materially affect the Ipvel of 
the ocean : similarly the earth is a huge reservoir whose neutral condition 
is not ailfcte^ by addition or removal of electrons. 

Bzp. (ii) To oliarge tlia aleotroaeope by indnctloB. 

(i) Foaltivaly. Having earthed ” the electroscope by touching it, bring 
near to the knob (A') a rod of sealing w%x or ebonite 
previously charged with electrons (nagat^valy) by fric- 
tion with flannel. The leaf ((?) rises because a certain 
number of “free” electrons are repelled into it, leaving 
the region near A' with a defect of electrons, i.e. positively 
charged. (Fig. 4.) Now touch K with the hand, thus 
♦ “earthing” a number of electrons corresponding to tliose 
that were driven into the remote parts GBD. KemSve, 
firstly, the hand, secondly the*rod : the remaining “free” 
electrons now distribute themselves uniformly over the 
metal of the electroscope, which having a defect of 
electrons is poaltivaly charged. ** 

(ii) nragativaly. We musa substitute for the sealing 
wax rod above a positively char||od rod, e.g. glass rubbed 
with silk. Try this, and also the effect on the leaf of 
brining ^1) positive, (2) negative charges near K when 
the electroscope is charged (a) positively, {b) negatively. 
Record and explain ycur results. 

• 8. Exp. To fhow th|t when electrons are separated 
ttam atoms the latter constitute an equal but opposite 
quantity of electricity. 

We must constantly bear ill mind that when “ electricity is 
generated,” no new substance is created — it is merely the act of 
ieparfiiio% of eleftron»from their atoms. 

An electroscope, provided with a can (Fig, t) or connected to 
an insulated can, is Hrit used unchaftied. 


R 



Fig. 4. 
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An ebonite rod Hy tix(*d in a clamp (Fig. 5),#is then iit^bd with 
a ifannel cap which may be rotated round tbe^rfKl by pulling 
alternately two insulating silk threads wound in opposite direc- 
tions roun^.the cap. By the work tlpne in overcojning friction, 
electrons are separated from atoms and 
the^ electrons congregate on thr; ebonite, 
but are not separated widely from the corre- 
spoiiding positive nuclei on the flannel 
until the cap is removed. Pla(?e the two 
(cap and jod)„ before separating, into the 
can of the electroscope: combined they 
show no cTiarge. Next pull off the cap 
by thp insulating silk thread and show 
by the electroscope (previously charged 
+ that each is charged with electricity, 
byt the cap and tlie r(Hj - Then 
place the cap, by holding it with the silk 
thread, into the can of the uncharged 
electroscope — the leaf rises ; and lastly put the elKjnito rod into 
the can as well as the cap — the leaf falls. Make your deductions 
in each case. 

9. Relation between inducing ai^d induced chargee. 
(Faraday’i Ice-pail Eig;>eriment.) 

We have already shown in § G that, when a charged body 
is brought near an insulated cynductor, tWO equal but oppo- 
site charges are separated bytinduction on the conductor. 
This may also Ikj proved by means of the electroscope fitted' with 
a can (C) and at the same time that each Induced Charge iS 
equal to the inducing charge when the body holding the 
indbeing charge is •practically surrounded by the insulated con- 
ductor. Incidentally we can also show th^t the Charge resides 
on the outside^ of an insulated conductor. *Thi^ latter 
statement naturally fo]low8 from the property of electrons, vis, 
that they repel each ot&er. 



Fig. 5. 
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BaV** Vischargeilthc electroscope by touchiug it (“earthing ” it). A brass 
ball, insulated bjj suspending it with a silk thread, js charged ne(}afiveUj 
(fi%y)» electrons, by touching it with brushed paper or*eb(Aiite (or 

soiling wax) rubbed with llannel. 

(1) LowerJ,fte - *'*'> charged Call (li) into the can’ (C^) but whhout touchimj 
it (Fig. b) ; the leaf rises with tl^e in- 
diiceil charge of electrons. On removing 
the i)all the leaf falls, showing that the 
eh'ctroscope is still uncharged ( /. e, neutral). 
Lower the hall again into the can and 
let it touch the bottom : the leaf has 
risen, but it rises no farther when contact 
takes place : remove the b^ll and show 
by means of a second electroscope that the 
ball is now um'hurjjed, i.c. its electrons 
have neutralized the eipial but opposite 
(luantity of electricity induced^ or sum- 
moned, on th(> inside of the can opposite 
the ball. Also, since the ball on rernofal 
from the insidO of the can is found to be 
uncharged, it is evident that the electrons 
have repelled each otlior to the outer 
limits of the insulated conductor. • 
(11) Again lo^'er the - charged ball 
into the can, but (lo not let it touch the 
can: the loaf rises with the induced 
charge of tdcctrons: touch the can mo- 
mentarily^ with the linger- -the leaf fulls: 
withdraw the ball without allowing it to touch the can — the leaf rises : next 
allow the ball to touch the can — both^tho hall and can are now foun^ to be 
dUe^arffed. 

AVtatatamaiit of tbo dednotiona from these experiments is useful ; 

(<i) A charged body brought near an insulated conductor causes a separ- 
ation of electrons from atoms by induq|ian. 

[b) Electrons 4re repelled from or attracted to tht inducing body accord- 
ing as the latter is charged - ’'♦•r or + 

’ The experiment is often called Faraday's Zea-i^ BsperixoanV' 
because the can originally used by Sir Michael FA-acfiy, when he first 
deiuonstri^ed the% facts %b|jut the year 1839, was an insulated ice-pail con- 
nected to an electroscope by a wire. 
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M The inducing and induced charges are equal, l>ut of opposite sign, 
and rogether they neutralize each other. 

N.B. The can or “ic-e-pail” is supposed practically to surround fli* 
charg^ insiflak^d ball. 

(d) The charge resides on the outer surface of a conductor. 

10. Recapitulation to assist in visualizing tho << Elec- 
tric^ Current.” 

The results of recent discovery enable us to gain some insight 
into the prypei tie's of conductors of which the best are pure metals 
[see Table, 3]. It is now belicviid that eleeti’ons move freely 
among the atoms of metals. If we could i.solate a singhi neutral 
atom of a ni(‘tal, we should probably find that its electrons 
(numbering to nearly 100 according to the atomic number of 
the* particular mejtallic (demenit considered) revolvg in paths round 
a Huclcus. \V(! may imagine that the atom is not solid matter, 
but a system of mattef arranged in some mathematical form, the 
motion of the electrons in their orbits lading comparable to that 
of the planets in tlie solar system. In an aggregat-e of atoms 
composing the tnotal^ tho spaces between the particle.^ may be 
considered to be veiy great, so that electrons may pit^s somewhat 
freely through the atoms without more tlian slight prohahility of 
collision either with tlie nucleus or with tVe satellite electrons. 
We can further itnagine tluft one or more electnms may (ly off or 
be removed from an atom and tiavcd for some distance, passing 
throu^ several atomic systems hefore colliding with or attach^g 
themselves to other atoms, much in^lie same way as comets ^ass 
right through our solar system or are absorbcnl into it. We can 
also imagine that as electrons arc added to an insulated conductor, 
there is immediately an “increase of pressure,” of electrons 
througliout the whole metal ; and that if now the conductor is 
“earthed,” by touejhing it with a wire hel(>in th 4 ^ hand^ electrons 
flow along the wjre^to the earth until the pressure is restored to 
the normal or neutral conc^tion. We call this flpw of electrons 
through the metal an electric current. 
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Questions on Chapter I 

• f 1. Criticize the statement “ Electricity is a form of Energy.^’ Mention 
vsffiouB types of energy and describe brieliy bow they are mutually convertible. 

2. Define <element, atom, electron. 

What do you mean by the statement that a body is electrically charged, 
and how would you show in a simple manner the existence of two kinds of 
electricity? • n 

f 

3. What are the fundamental facts of attraction and repulsion of electric 
charges, and describe any ex[)eriments you would perform to illustrate them ? 

If el^trioity of one kind is produced, how would you show that an equal 
quantity of the opposite kind is produced at the same time ? 

4. A piece of ebonite is rubbed with flannel and then brought near to 
some small pieces of paper. Kx])lnin, on the Electron Theory, the bharging 
of the ebonite and the subsequent behaviour of the pieces of paper. 

5. Define couiftctor and insulator. 

Make a list of the common substances in the room in the order of tlToir 
conductivity. 

6. What is an electroscope? What special precautions would you take, 

in constructing one, to prevent leakage of electricity ? « 

7. Devise nraotical experiments (a) to electrify a brass tube by friction, 
(6) to test whether its charge is positive or negative,' (c) to show there is no 
charge inside the tube. 

8. How would you charge an electrosqppe (a) positively, (6) negatively, 
using a glass rod? 

9. Explain the term “induction.’* Two exactly similar electroscopes 
haue their caps connected by a wire and a positively charged body is Drought 
nearithe cap of one of them. Compare and explain their indications. 

If the wire be now removed by means of an insulating handle, and then 
the charged body be also removed, what effects will be observed in the 
eleotrosoopes ? ^ * 

« 

10. Describe carefully Faraday's Ice-Pail experiment, illustrating the 
Ttrioni stages of the experiment by diagrams showing the kinds of eleotrifi- 
oatioD produced. Carefully .abulate your conolusioDs." 

11. earthq^ coudRotor is held near a obhrged hollow conductor. In 
what position must it be plaW to obtain the greatest induced oharse? 



CHAPTER II 

HYDROSTATIC RELATIONSHIP BETWEEN CURRENT, 

PRESSCgE AND RESISTANCE. fTIIE ELECTRIC CELL 

n- In § 4 wo called the force that drives electrons in » 
definite direction through a conductor an electromotive forcOj 
the ditferenco in pressure exerted by electrons in various parts of 
the Conductor we called difference of potential*, and we drew 
an analogy between electric and htfdrosUUic premire. Let us now 
try to fln<> by expiriinent whether, when water flows through a 
tube, there ^is any relationship between the (1) Current, 
(2) Difference of Pressure and(:i) Resistance in the tulie. 

Delnonstration. We memure Current [C] by th'e quantity 

of y^ator delivered in a definite time ^ 

* We memure Pressujre [Z’] at a point in the tube by the vertical 
height of a column of water at that |)oint. 

And we can alter liesintance [A) by {a) varying the cross- 
sectional area [A ] of the tube, (b) varying the length of the tube 

uuritfht A-cssiirc IuIks o 
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\L\ (c) altering {he packing in the tube, e.g. small glass bfadsj 
sand, glass wool, where resistance depends on the qUalkies of 
e^ch particular substance [A']. 

Set up Ufe apparatus as^ shown in Fig. 7 which e:^lains itself. 
iJ, //,, is a horizonUil glass tube (loOerns.) tightly packed„with 
small glass beads and coiniected to a cistern where water is 
maintained ^it a constant level. The outHow of water is regulated 
by the tap T, At 7^, /»,, Ik vertical glass tubes are fused on to 
the main tube, the pressure being measured by noting the heiglits 
of the water-colunin.s, differences in level indicating djilerences in 
pressure ; • 

thus, l\ measures the dilference in pressure between U and 
and l\ ‘ „ „ A'l &nd B^. 

We notice that when the currml is steady, i.e. when the tap 
7' is ruljusted sokthat equal quantities flow in equal times, the tops 
of the colninns are in one stmight line, which itself indicates fhe 
slope or gradient of ))ressui'e of tin; water within the tube. We 
vary the pressure gradient by raising or lowering the shelf (S) 
thereby altering the “hea<l of water.” t 

The following table gives the result of a*series of oKservations 
of pressure and current. 


g Current ^C) = vol. of 

.2 difference water delivered in 5 

« ' in presa. between points mins., the gradient 

I /f and ytj as nieasured by ofr pressure re.nain- 
5 ! difference in heights of^ ing constant during 

0« I water-columns i Q 

the time C = - 


„ Freuiure 

Uatio - - - ^ 

Coirent 

-Constant 


20*0 oms. 

• • 1 

j 340 cc. per 300 i^cs. j 


28W „ • 

390 „ M , 1 


29 0 

• 

; 400 ^ * 1 


31-0 „ 4- 

1 430 . ^ 

A1 


4 . 
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J^t us examine these observations to find whether there is 
any sii|ppl% relationship between Preamire and Current^ the 
ance^ of tap and tube, when once lui justed, being kept comlauL^ 
From tnii* experiment we make thd deduction th/l^ wssuminy 
the Resistance to be constant^ the Current il proportional tO 
the i^resflure dill'crence. 


Reiistance^ If the tap T is opened or closed slightly, tln^ 
resisfiince is correspondingly lessened or increased. 

Bxx»t Take another series uf observations, having altered the liesistance. 
The above oon*atancy of relationship *dll holds good, but the ratio 

PjC varies with rise or fall of the Resistance. 

We may therefore use this ratioasa measure of the resistance, and 
we shall doHne resistance as the ratio of pressure difference 
to our rent provided that the conditions remain coestant. Hence 


Pressure Difference 
Cuirent 


= Resistance. 


12. A Closed Circuit. 

performed we allowed the water 
»to run to waste ; ^ might, 
however, have maintained the 
pressure by returning the water 
flowing out through T to tfie 
water in the cistern A, either by 

(a) actually lifting the outflowing 
water to the higher level or 

(b) workiwg a pump in a tube 
joining the out-flow and in-flow 
cistern. In each case work musf 
be done to maintain* the flow. 
If the water used is contained in 


the experiment wo have just 



Fig. 8. V, Water Mgter. IF, Centri- 
fugal Pump. iV, Stop-watch regis- 
tering tine in s^nds (^. 


* It is extremely cyfficult to maintain a constant resistance if the current 
is varying; cross carreots aivd eddy currents set sp between the beads 
Interim with the main current : ^bod results are obtained p%vided Chat the 
beads are very small and variations of pressure ajp not too great. 


&B. 
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one continuous iubn. the system is called a closed circttl^ and 
tpay be diagraniinatically shown as in Fig. 8. • if 

, The Pn'Hsure DifiFereneo (P-;?) is maintained by the ceutri- 
fugrtl pump, ’’which is working at such a rate that ir«anits of work 
(say) are perform wl by the current, between A and B in the 
external circuit, in t secs. The quantity of water Q passing 
through tlv3 circuit is measured by the meter: the current (C), i.e. 

quantity per unit of time = ^ 


Then (1) 




Pressure Difference P - p 
Current Qjt 

where A*, = resistance of external circuit between A and B. 

(2) Work done ( IF)^ Quantity x Pressure I)ifference-i^(P-jo). 

(3) Power of the external circuit -- Hate of doing work 

® := Work done per unit of time 




i Current s Press. Differenced 

Important Note. , 

The pressure difference between /tand /t, i.e. (P-p), will 
not measure the real pressure (B) excited by the pump, as 
this pressure deference will act in the opposite directiiui to E 
within the pump. In additioi^the pressure E will have to 
overcome the internal resistance of the pump. Hence 
Actual Pressure exerted by pump E _ 

* Curri^nt Qft ’ ^ ^ 

where r - internal resistance of pump. 


13. A Olosed Electric Circuit. 

If in Fig« 8 we substitute : 

(а) for the pump an electric cell or battery of cells [see 
§ 1 9], a \iynamoj or 6ther generator of an electric current ; 

(б) for the tube a wire or system of fWices, electric lamps, 
electro-magnrts anh qiotors conneeUxi By wires [external circuit] ; 

’ Cf. Y^attssAmpdresx Volts [§ 80]. 



Law 


re 
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(<^ for the pressure yauge an instrument called a voltmeter 
[see § iCOjf which measures dilh*reiice of electric pressui-o, i.|., 
potential difference [rd.] or voltage^ in units calhd voltif 
(g?) for tlfh water meter an instrument called an ammeter [sec^ 
§47J, which measures electric current, i.r. ijuantity of electricity 
passing a point per sec., in units callwi amperes ; 



■A 


Riq 

(Atii) j § 


Fig. 9. Aliy Battery of Cells or Generator of Elictiieity. Am^ Ammeter, 
jgioasures tiie (hirronl in Ampiree. T, Voltmeter, i^easiires the I’.n. 
in Volte, if, , aeeistanee of the cirniit, apart front the*liatlery, in units 
Called Ohms; r, Besletance of the Jiattery in Ohms, if n/f, Total 

Xeeiataiice of the circufl in Ohms. 


and if we called the external resistance of the circuit R,, 
mAsured in units called Ohms, wt? cun draw another diagram 
(Fig. 9) and continue^ fhe analogy between lliiids anc^ electricity 
still further. In addition we shall find that the relationship between 
pressure^ current and resistance^ which undef certain limitations 
holds good in hydrostatics, mey he generali/ed for electricity in 
the form of a law [Ohm’s Law]. 

In we established the hydrostatic relationship 

Pressure Dilference * . 

, ... , - Kesistance, 

Quantity delivere<i m unit time 

^ Pressure Difference 

i.e. Current - — — > 

e Itesistance 

which in electric terms becomes 


(i) for the external part of circuit lietween A and B 
Pofen^al Difference^ d. - 
Kesistance * 


Current ^ 


2-^2 



20 


Electricity ari4 Maqnetism [^. n 

(ii) for whofe circuit (nee note, end of § 12) ^ 

p * Electromotive Force of Battery ^ e. m. r. 
uiien ToUl Beaistance of Circuit 7fi + r i?’ 
whore ~ resistance 6f external circuit, *« 

r = „ internal „ 

R = ifj + r - total resistiince of circuit. 

This equation expresses Ohm’s Law which states that the 
current in u circuit varies directly as the electromotive, f&rce (sf. M. F.) 
and inversely as the RestHtance of the circuit. 

Important Rote (cf. p. 18). i 

If a current is flowing through the cell and an external 
circuit, the e. m.f. of the battery is NO'R equal to the p.d. 
between the plates of the cell; as this p.d. and the E.M.F. 
will work against each other inside the cell. 

Tf, h(Avever, the cell is on “ open circuit,” ie. no* cur- 
rent is flowing through the cell, the e. m.f. of the cell is equal 
to the P.D, between its plati^s. 

Let us now describe the instruments mentioned in the last 
paragraph, and at the same time explain, as fur as is possibly at 
this stage, the terms used and note also the vai ious effects of the 
electric cuiVent. * 


14. Electric 6ells. 

The Voltaic Cell [Volta-^Italian physicist 1745-1827], 


A rod of port Sine and a strip of Copper foil (Fig. 10 a) to which wires 
are attached are placed ia a beaker 
of dilute Sulphuric Acid [1 part acid 
to 9 parts water], great care being 
taken that no metallic contact takes 
place between the Zinc and the 
Copper ^ither inside or oat of the 
acid. No effervescence takes place. 
Touch the ends of the wir^ to* 
gether and also connect them 
through dhitable ammeter (Fig. 
*10 1 ) and note that— 

(a) the ammeter records the passage of an electric current; 
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(6) bubbles of hydrogen appear on the copper foil 

Tl^yarr^ngement of Zinc and Copperplates in a vessel tontaining dilute 
sulphuric acid is called a simple Voltaic cell. 

Exp. fbd show that in a Voltaic Cell (Figr II) 

(i]t electrons accumulate on the Zinc plate, which 

consequently becomes 
and 

the Copper foil be- 
comes charged. 

In our *experinumts on 
the voltaic cell no chemical 
action is observed to take 
place when a zinc plate and 
a copper plate are placed, 
without metallic contact, in 
a dish containing dilute sul- 
phuric acid. But a very 
important electrical change 
hfd taken place which can 
be verified by expi^rlment, 
viz, that owing to a partial 
solution of the zinc, electrons 
have accumulated on the zinc* 
plate, causing a premire difference lietweiui the zinc and the 
copper^ This pressure difference, (aliout 108 volts) corresponds 
to the pressure exerted by the cen^iifugal pump in 12. Cn 
completion of the circuit by a copper wire a current of electrons 
flows from the zinc to the copper along the wire, returning by 
way of the solution. This preilkuro difference, which exists even 
whilst the circuit is incomplete, is known as the SiectromotiV’e 
7orC6 (E.M.F.) of the cell when on “qpen circuit,” and is a 
measure of the “ driving power ” of the battery. 

The energy nece^ry to produce the elgctron-flow (current) 
when the circuit is completed is provifk*d by JkemicaP action 


charged 

(ii) 
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within the^ batt(v*y (in the voltaic cell by the solution of zinc in 
sulphuric acid*). 

Note on amalgamation and local action. 

Commneial zinc is used in -hatteries because it is much, ICss expensive 
than pure zflic. The impurities found in commercial zinc are carbon and 
arsenic in minute granules, which in contact with zinc act as the copper did 
when tlie plates were joined in the voltaic cell. This contact or coupling of 
zinc with ca);bon (say) causes immediate solution of tl)o metal. This local 
action, as it is called, may bo provontod by covering the zinc plate With a 
layer of mercury which is effected by scruhhituj the plate icitli a mixture of 
mercury and dilute, sulphuric acid. Mercury dissolves zinc, but not the im- 
purities, and forms an amalgam, so that pure zinc is prosenled to the acid 
solution in the battery : the zinc ]dato is then said to be amalgamated, 
and no general solution of the tuetsl takes {dace, except when the circuit is 
completed. • 

Demonstration. A .sinf^le voltaic cell does not, possess suffi- 
cient K, M. F. foi*the purposes of tliis e.xperiincnt : v’e must multiiply 
the pressure by linking a doz<Mi or more, cells in series, i.e, by 
making u chain or .series of colls (Fig. 1 2) in wliicli the copper foil of 
any cell of the st-ries is joined to the zinc plate of the next cell, 
80 that the b.m.f. of each cell in the succession is added to th.Vt 
of its neighbour. Thus if E represents tlie’K.M.p. of one cell in a 
battery of n cells joined “ in series,” the total E.M. F = nE. 

In order to colU'dt a large number of free electrons from the 
zinc or negativ(^ pole of the battery ,^the terminal is connected by 
a wire X to the lower part of a condenser D joined by a wire 
ir to an electroscope. If the lower plate of D actually forms the 
plUto of the electroscope the instrument is called a con- 
densing electroscope. A condenser is a kind of reservoir 
for electron's ; it consists of two larye flat plates of metal (brass) 
separated and insulated from ejcKih other by a piece of paraffined 
paper^ the loV(?r plate lieing supported ornan insulating stand; 
the larger the area of^the plates the larger the capacity of the 
reservoir or condenser liecomes, and the capacity is still further 
increasod by “ earthing ” the upper plate, f Ai^ch the wire, Y, 
to the^ ^*8- ^2 the condenser is showm in vertical 
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section, the upper plate being joined to the cojy)er pole by 
the ^re y, and the lower to the zinc po^e, and to the 
elcctrol^coje as descrilxjd above. Klectrons tlow into tlie low^’i 



Fig. 12. 1.* Touch here and break contact. 2. Rainc top plate of condenser. 
• 3. Noje rise of leaf and that eliHHroKCopc in negatively charged. 

plate of ]) which becomes negatively charged, and an e([ual but 
oppositfe charge is hold bound by induction on the upper plate. 
(1) Break contact with X (see Fig. 12), no change is seen in tin 
electroscope until (2) the upper plate is raised, w^jen (3) the leal 
of the electroscope rises and is found to he charged negatively 
[see § 7], owing to tlie*in-flow of ele<*trons from the zinc pole oi 
the battery. 

• The cells in Fig. 12 are joined in Mrtes. P’ig. 13 shows a battery of S 
voltaic cells joined in parallel. The term in parallel or in multiple arc if 
used when all the zinc jllate.s of a battery are joined by wires, njaking virtuallj 
one large zinc plate; and, also, all the copper plutcK are joined thus in 
creasing tlio size of the copper plate, the whole battery being now one large] 
cell of the same k.m.k. as befo^, but with less internal resistance to tbf 
passage of electrons [see § ICJ- 



16 . Terms pnd Conventions. 

Unfortunately the term positive (+") pole had been givei 
to the terminal of the eSpper plate oi tne cett and the tern 
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negative * pole to the terminal of the zinc plate long 
before the exisjence of electrons and the electron-flow was l^wn. 
Jjiese terras were assigned arbitrarily, and as a consequence the 
positive direction of the current in the wire .outside the 
cell from +?’(coppei') plate to-'® (zinc) plate was also determined 
on arbitrarily. • 

The direction of the current may be remembered by the 
mnemonic “ zINc,” which indicates that in the cell itself the 
direction assigned to the current is from zinc to copper [or carlwn] 
plate. 

We now know that the actual direction of the* electron- 

flOW is contrary to the arbitrarily chosen direction oj 
current. Electrons only flow from the (copper) plate to 
the (zinc) plate within the cell, i.e. in the solution. 

16 . Theofyofthe Voltaic Cell. 

It is supposed that the raolccule.s of pure sulphuric acid 
(HjSO^), themselves neutral, dissociate on being dissolved in 
water into two kinds of ions (from Greek = “goers” qr 
“travellers”) charged respectively positively and negatively., 
Thus one moiecide of sulphuric acid diasociatfes into two hydrions 
positively charged, ea^ih with one electron (t) in defect, and a 
negatively charged mlphion carrying two additional electrons. 
The dissociation may bo represented thus 

H.SO. - 5:; so.;; 

neutral positive negative 
molecule ions ions 

« ' 

Using pure zinc and copper plates in #the cell containing 
dilute sulphuric acid, no visible reaction occurs and no current 
flows, untfi the (Jircuit'is closed, when chemical action, necessary 
to maintain the electron-flow which produces the begins. 

The — ^ulphioQS, on touching the zific, combine with it to form 




In the meanwhile, in the solution adjoining the copper pi 
two ^hydrions, 2(H — c), for every sulphion combining \ 
zinc, receive two of the freed electrons ('Je) and so becom 
molecule of neutral hydrogen (H.>); thus a stream of electi 
continues itf the connecting wire and round the circuit as lorij 
zinc dissolves. 


17.* Polarization. The accumulation of hydrogen round 
the copper plate impedes and even altog(dher prevents the 
paslage of electrons. This process is called polcA'ization. It is 
supposed that, when tl\p liydrogcn accumulates, hydriotjs do not 
at once give up their charges to the plate, but form a layer or as 
it were a new “plate” of positive electricity slongsidc the copj>er 
plate and prevent, by tlwir repulsion, the arrival of further ions, 
thus constituting a new cdectric couple which tends to drive 
electrons back^ i.e. in the opposite direction to the original flow 
caused by the solution of zinc. This back E.M.F. is chiefly 
responsible for the falling ofl^of current; but polarization is also 
due to the insulation of the copper plate by the non conducting 
bubbles of hydrogen that accumulate [p. 27]. 

To maintain a steady- current, it is therefore necessary to 
remove the hydrogen^ either by 

(i) mechanical means, e.<j. l^u^hing with a camebhair brush; 
or (4) chemical meai^s, e.g. adding to the batt«*y solution a 

Strang oxidizer, called the depolarizer [2jl + 6 ~ such as 
chromic oxide (CrO,). Nitric acid (HNO,) and black oxide 
of manganese (iftnOj) are also used undec certain conditions 
[§§.18, 19] as depolarizers. 
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Pemonstration to illustrate Polarization and the 
action of Depolarizers. 

** Two voltaic cells are connected “ in series ” by thick copper 
wire with (1) a “demonstration” Voltmeter^ meass^ring electric 
pressure u{^ to 3 volts ; and 
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(2) a “demonstration” Ammeter measuring current to (say) 
2 amperes. 

The vires are arranged as 
in Fig. U so that by means of 
a “two way plug’’ or “switch” 
fFig. 15)2 (a) the voltmeter, or 
(h) the ammeter, may be in' 
• chided in the battery tcircuit. 
A voltmeter consists e.ssenti' 
ally of a coil of very fine wire 
presenting great resi.stance to 
the current and • a magnet 
attached to the pointer: an 
, Fjg. 15. , ammeter is fitted with a coil of 

* See that the +” pole of the battery ig connect^ tp the +” terminal of 
the voltmeter and of tl^ ammeter. 

* Fig. 16 is #plng ooramntator [see § 6%), but it may be used as a **two 
way plug by joining (say) Ieft*hand pair of terminals by the battery wire. 
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thick wire which allows electrons freely to pass round the circuit. 

(i) Ifi^e yie voltage before the ammeter has berti put into the 
circuit by joining 8 to then switch the current through A B\f 
joining s iK^«: a rapid falling off oL current will fee observen: 
record this and the time occupied. Then switcli V in*circuit and 

(ii) nhte also that the voltage has fallen considerably. N(‘xt, using 
a camel-hair brush, remove the bubbles of hijdrogen that have 
colltgjted on the copper plate and (iii) uote the rise both in pressure 
and curnmt. b'inally short-circuit th(‘ battery once more through 
the ammeter until the current and v(»lt:ige have fallen: then add 
to both c(?lls a strong solution of chromic acid (a depolarizer ) : 
observe that tlie hydrogen bubbles soon 
disappe^fir and that both voltage ami cur- 
rent are restored to theiroriginal strength. 

•18. Single Fluid CellBb 

(1) The Voltaic Cell 14]k.m.k., 

Voltage or Terminal r.i), - 1‘1 Volts app. 

(2) The Bichromate (or Chromic 
Acid) Cell [k.m.f.:=2*1 VoltsJ consists 
of a zinc plalo connected to one terminal 
(the poh‘) and, on either side of the 
zinc, two carbon plates connect(‘d to a 
second terminal (the 
These plates are immersed in dilute sul 
phuri(«cid in which crystals of pnrfassium 
bich rornate, or better still chromiC adid, 
a strong oxidizer, have been <Iis.solved 
and act as a depolarizer IJie zinc 

ITota to DemonotAtor. Sepamte upecirnena of each kind of cell may 
beset out round the laboratory and the Htudents be allowed to move their ^ 
positions in order to draw and describe the various cells in their»iote-books, 
and finally pn^pare a tabular statement uuder the following headings: 

B.M.r., plate, efcitnnt, +»• plate, depolarizer, remarks. Near each kind 
of cell should be placed a pfK!ket#olttneter, French ^ttern, price IQi. W. 

. * For exijeriments with depolarizers see § 17. 
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plate when not in use may be lifted out of the acid solution by 
means of an adjustable rod. The solution should be iiqade^p in 
'the following proportions : Sulphuric Acid 1 part, Chromic Acid 
i parts, Water 12 parts (or, if Potassium Bichromate is used, 
4 parts). 

Reactions. Zn + HoSO^ ^ ZnSOj + 2H, 

6R^-2CrO, = CrA+3irp, 

Cr.,()3 + SH^SO, ^ Cr^ (S( + 311,0. 


(3) The Leclanch^ Cell [k. m. f. - 1 *4 Volt] gives a small cur- 
rent, useful for electric bells and'-telephones, 
and may ho used inteTinittently for many 
months provided tiuire are intervals for the 
recovery from polai'i zation. The cell ( Fig. 1 7 ) 
contains a saturated solution of salam- 
moniac (NH^.Cl) with a zinc rfnJ for the 
- plate and a carbon plate for the + 
the latter being surrounded with crushed gas- 
carbon and manganese dioxide as depo- 
larizfir either contaimjd in a porous pot a" 
as an agglomerate block held together with 
plaster of Paris. * 

•JSH.. Cl -. 2 (Nil,) + 261, 
l(NH,)CI =ZnCli + 2NH, + 2fi, 



Fig. 11 

Reactions. 

Zn + 


2A + 2MnOj^Mn.,0, + H,0. 


• 19 . Two Fluid Cells^ * 

(4) Daniell’s Cell [e. m. f.-PI Volts], shown in Fig: 18, 
consists of a rod (a) of zinc ( ~ in dilute sulphuric acid 
(b) in a centi’al porous pot (c) wAiish prevents the mixing of the 
two solutions. * The hydrogen ions travel «th rough the porous 
^earthenware towards the containing outer vessel of copper (rf) 
which acts os Aie + plate and holds a solution of copper 
sulphate (e) I'eple^ished by a store of ci^sfiils placed on a 
perforah^d sheK (/). Polarization dbes not occur because the 
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hydrogen ions replace copper, which deposits oiiithe copper vessel, 
fron^he^jolution. • - + 

Reactions. 

Zn«j-*HaS 04 =:ZnS 04 + 2H, • 

, 2£t + OuSO.=:H,SO, + Cu. 

» ‘ 

(5) Grove> Cell [e. m. f. = 1 -9 Volts] 
conjip,ins a U-shaped Zinc plate ( - ''*■) in an 
outer flat jar holding dilute sulphuric 
acid. Fig. 19 shows a battery of G cells in 
series. Hydrogen ions make their way in- Fig. 18. 

wards through a flat porous pot in whicli is placed a sheet of 
platinum ( -l- ’'*■) standing in strong nitric acid as depolarizer. 
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(6) BunsexWi Cell - 1-9 Volts] is similar to Grove’s 
except that a«carbon plate is substituted for platin«im ^ the 

pole. The drawback of these cells (5) and (6) is that they 
emit erodiiif^and irritating nitrous fumes through the process of 
depolarization. 

Standard Cells. 

(7) Latimer Clark’s Standard Cell [e.m.f. = 1-433 Volts at 
15" C.] is never used as a producer of current, 
but only in estimating tlie k. m. Ff of another 
cell. It should never be used in closed circuit 
except with a very high resisUince or when 
opposed by an almost equal k,m.V. [see 
Potentiometer, § G8j. The Clark’s Standard 
Cell, Fig. 20, may easily be made 'hy 
students in the Ijfi^oratory. The positive 
“plate” is a small quantity of mercury 
placed at the bottom of a boiling tube and 
connected to the pole by a platinum wiiC; 
contained in a fused glass tube. A paste of 
mercurous sulphate is placed on the 
iilorcury and on this stands a saturated 
solution of zinQ sulphate into which dips 
the negative element, an amalgamated rod of 

line. A cork holds the rods in position and the tube is sealed 
with paraffin wax or marine glue, 

(8) Weston’s Standard Cell, constructed on the same 
principle as Clark’s, is also used on/j/ for comparison of e.m.f. in 
series with a very high external r&istance. Cadmium amalgam re- 
places the zinc rod (-''*) [Fig. *-l]. A saturated'solution of cadmium 
sulphate fyis the^^ connecting tube between the two limbs and 
enables electrons to travel from the mercury (+") at the boftora 
of the left-hand limb.«The Internatioi^al Conference on Electrical 
Standards adopted this under the name “Weston Normal Cell”-; 


-j, 
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t 

it8E.ii.p. = 1*08 13 Volta at 20“ C. which rises or faHa 0*0000406 Volt 
jier r^re% below or above 20^ C. • 



Men-iirnusl 
sulphate 


Mercury • *.( 'adiiiiinn 

nnialsam Metal case tenioved. 

Fig. *21. Weston Normal Cell. 


* (9) Secondary Batteries, Stor- 
age Cells or Accugfulators (Fi^^ 22) 
[k.m.f. -=2*2 Volts] (see 64) are now in 
general use for hou.se installations, in 
laboratories*, on motor ojfts and in 
various manufacturing processes where 
a steady current of iiKxleraU; voj^age is 
required. They are charged directly«or 
indirectly from a dynamo. Current 
should only be taken from storage cells 
through a fairly liigh resistance P shoH- 
circuitbufy i.e. joiniii|[ the op|>osit<.‘ ter- 
minals without adequate re.si8tance 1x3- 
tween them, must* be always avoided; 

1 Small Storage Cells are Aipplied by Messrs 
Pye dr Co. of Cambridge. 



Fig. 22, Small Storage Battery. 
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any rapid reveraal of the chemical actioh of charging the cells 
causes a buckling of the plates and destroys the battery. < 

The +“ pole, of an accumulator is usually painted red. 

For description and reactions see § 64. 

Questions on Chapter II 

1. Describe an experiment to show the efTect of pressure differecoe on 
the amount of liquid flowing through a horizontal straight glass tube. 

Supposing a constant pressure difference be maintained between the ends, 
what do yon think will bo the effect of 

(а) doubling the cross-section area of the tube, 

(б) doubling the length of the tube, 

{e) halving both the cross-section area and the length of the tube ? 

2. What oonstitntes a simple voltaic cell? Describe and account for the 
chemical and other changes (if any) which occur 

(«)«before, (b) after, joining the plates by a wire. 

3. What is meant by (a) local action, (6) ]|)lai'ization ? Describe folly 
the steps you would take to eliminate their effects. 

4. What is meant by the k.m f. of a cell? Is there any difference between 
the R.M.r. of a cell and the potential ditTorciice between the plates? In whbt 
units is the e.m.k. usually measured and from whpcc is- the energy derived 
to maintain itji value when the current is flowing? • 

6. Describe the Lecl^uoh4 cell, with sketch, and show what method is 
used to overcome the effects of polarization within the cell. 

8 With reference to a Daniell's cell sAte 

(i) the part played by the copper sulphate, 

(ii) the source from which its electrical energy is derived. 

* 7. State Ohm’s Law. In wh«t units are current, pressure differenoe and 
resiAance usually measured? 

A voltaic cell of b.u.f. 1*5 volts is passed through an external resistance 
of I ohm. If the resistance of the oe^ll (p half an ohm, what is the current 
passing through |he circuit? 

8. The current from a battery of B.u.r. 2 volts and of ^ ohm resistance 
is sent thipugh a^oil of»wire of resistance of ohms. What is the p.d. 
between its poles ? If the lesistance of the coil is 40 ohms, what effect will 
this have on the p.d. between -ell? 



CHAPTER III 

MAGNETISM 

20. Historical. The fact that an oro ricii in One of the 
OXidtfS of iron, ealled magnetite from its occurnMict^ in largo 
quantities in tlio Homan provineo of Magnesia, attiacts pieces of 
iroiijivas known to the ancient Cl reeks and is mentioned by Homer 
(n.o. 1000 c.) and Aristotle. Magnetit(‘ is described by Lucretius 
(ac. 60 c.) wJmj remarked that a chain of small pieces of the metal, 
iron, stick together when in contact with the mineral [magnetic 
induction, 23]. 

That, this stone suspemded in air s<*ts in a definiU^ direction — 
approximately with its main axis Nin th and South — apjKsars to 
havQ been first noted in Kurope almut 1200 A. n, although the 
Chinese are crediUMi with a much eiirlier knowledge of the fact. 
Consequently this stone Vas called a leailing or lodestone ; and 
mariners used it for directing their course in navigation. Jjater 
it was noticed that needle.s of steel, hardened iron containing 
a^out 1 carbon, after ludiig rubbed in one direction along the 
lodestone, retained not'only this property of setting iiiithe N. and 
S. direction, but also the power of attnicthi^ iron which we call 
Magnetlfm. The ^fa7'inerH Comptma was the outcome of these 
discoveries. • 

In the 16th century Koljert Norman (1581) first observttd that 
if the magnetized needle were balanced at its centre of gravitj^ 
tlie north-seeking end or pole Uuided to dip or hicUm down- 
wards. About 1600 William CilbcTt suggested that this dipping 
was due to the fact that the Earth itself is a magnetized sphere 
[§ 26], the theory being confiriiidfi later by observations of the 
angle of dip at varioul latitudes. 

In 1634 it was found that the compass neetlle^it a particular 
place did not point in the same geographical direction as had been 
observed some years earlier [| 21]. Furthermare, fn>m combined 
magnetic and astronomical measureniento this variation or 

B. K. 3 
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declination f)f tlTe magnetic N. and S. line from the true or geo 
graphical N. dnd S. line waa also found to change as the h tgitudt 
of the point of observation was changed — a fact of the utmost 


importancotto seamen [§ 2G]. 

Bxpa. (i) Suspend iiori/ontally 
ina(?net by inciins of a 2 )apt*r stirrup 



FiK. 2:i (a). Vvr. 23 (/,). 


(«) a horse-shoe magnet, and (b) a bar 
and pin fastened by fine thread to two 
wooden stands placed some distance 
apart (Kig. 23 u). Note that the]} set in 
the N. and S. direction, i.e, in the plane 
of the BKagnatic Meridian for the place. 
Mark the N-sceking cnd<or North Polo 
with gummed paper. 

(li) Remove the magnets entirely, 
(i 11111 a piece of iiaper at one end of tioo 
nnmagnetized piert'n of thickish wire 
{(i) of soft irof/, (b) of stfcl (a knitting 
needle). U.sing two wooden stiinds, 
suspend each in a stirrup as in Fig. 23 {b). 
Notice that (1) they set in no definite 
direction and (2) there is no attraction 
or repuhsion between the two wires. 


(iii) Taking hold of the pajierod ends of the two wires laid side by side, 
draw the bar ^magnet several times in one direction along them so that the 
unpapered ends of the wires last touch the jiapcred (N) end of the bar 
magnet (Fig. 21). 



Now suspend •eporatbly the two wires. Obterve that (1) the aolt iron 
(rt) sets in no definite direction, (ft) is attracted at both ends by either pole 
of the bar or horse-shoe magnet; in shprt.^the toft iron does not remain 
magnetised. 
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(2) the stMl wire sotfl in the N. and S. direction the pattered end being the 
N-seekJtig p<j|e, and on brinj^ing near the N-seeking end (N-pole) of the bar 
magnet, we observe that the N-poIe repels a N-poIe; we also find that twft 
S'pnles reiiel ^eh otlier, but that N- and S-poIes attract each othi*r. 

The first Law of Magnetic Force. 

• “AiXv; 2 ioleH vt-pd nnJike at! nu t jef. {5 G (2)]. 

(iv) C'onlirni this statement using 8UK|K'nde<l bar and horse-shoo magnets. 

(v) * Show by using a BUS|)ended magnet and t\v»t pieces of steel, the one 
magnetized and the other unmagnetized, that “ n-imhum between the steel 
and the suspended magnet is the mlij test of ina;nuitiznti<in." 


21. The Compass Needle. 

Kxaiiiino a small pockttt compass (Kij;'. 25). The magnetic 
needle does not set itself in the true N. and S. line, as found from 
the position of the sun at mid <lay. 'I’lie magnetic 
nierulian in Kngland is for tlie pn*sent at an angle , , 

of 15 (approx. ) West of the geographical mm idian. 

[Angle of Magnetic* Variation or Doefina- 

tiouA A small arrow head on the compass dial 

j ‘ p’jf, 25 

marks the direction which must coincide with that 

of the N-polc of the magnet needle in order that the four cardinal 

points N., E., S. amt ^V^ of the dial may correspond with the 


respective yeoyraphlcal directions. 

A more s<*nsitive instrument (Fig. 
26) consisting of a short majjiotized 
rod poised on a line; jioint by means of 
an agate beating and furnislictl with 
a long aluminium p<3inter at right • 
angles to the magnet is used in ex- 



periments to be descrila^d later [see Fig. 26. 

Magnetometer, 33 and Galvanonfoter, 45]. ^ 

A Mariner’s Cohpais is a nuKlifieation of the single com- 


pass needle. Several small magnets an? attac4ied t^a circular disc 
in such a position ^lat (1) it balances at its centre, (2) the com- 
bined effect of the magnets is Jthe same as thatsof a s^ngle^m^agnet 
suspended at the centre of the disc. A car^ marked with degrees 


3—2 
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and the points ef the compass (Fig. 27) is fixed on the disc so that 
the N. and S; line sets in the magnetic meridian. T^e disc can 
^rotate with the minimum of friction round its centre of agate 
supported en a point of noii-corrosible metal (iridkifri). The glass 



Fig. 27. 


cover of the compass box has a line (the lubber^ 8 line), drawn 
diagonally o\'er thebcntreof the rotating card and parallel to the 
ship’s keel, by which liearings mgy be kiken with the magnetic 
meridian. 

^ 92. Bxp. To And tbo magnetic axlo of an irrogolarly ahapod 

nagnot or a combination of magnets. 

* The following experiment exemplifies the principle of the Mariner’s Com- 
pass and also the methoii of determining the position of the N. and S. line. 

A cylindrical cork, through which two magnetized knitting needles have 
been fixed in parallel position N^', NiS^ (Fig. 28), with their like poles ad- 
jacent, is suspended bj a fine thread attached tb a wire UHy pushed along 
the axis^f the cork. TJie combination of magnets so formed is hung firom 
a wooden stand over a block covered with paper exaept over a large hole at 
the centre of the block. The suspension is adjusted that the magnets are 
jnst olpar of the papef. (1) The points A^^CJ!> corresponding to NS, N^S^ axe 
marked on the paper wh^ the magnet combination has come to rest ^ter 


21 - 22 ] Magnetic Axis 37 

swinging freely. (2) Taking care not to alter the position of support or pa|>er, 
reverse^lie t^sficnsion by hanging the combination from hook i/, , marking 



off tlfe points A, B, C\ /), as before. (3) Remove the pnpeioand transfer the 
trace of the magnets for positions (1) and (2J (Fig. 29) by pricking through 
the points to another piece dt paper. 



Complete the plan of tlu* combinatidh as sliown in Fig. 29 and dot in the 
moan position by joining the points ^hich gives the magaetlo aida, 
i.e. the line in the magnetic combination which coincides with the direction 
of the oontrolling magnetic force when the combination is allowed to swing 
freely to and fro and then come to rOstje 

Fr«etlcal Bx«relM. #ind the magnetic axis of a magifbtized steel disc, 
pierced at its centre for suspension purposes. 

An Astatic Combination. 

Ezp. Magnetize two knitting needles •qually by^ holding 
them side by side and then stroke them^in one direction along 
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their length with one pole of a strong magnet. A neutral or 
astatic combination is obtained by revtu’sing the posi/don/^of one 
of the needles so that unlike 
poles are adjaceijvt. The sus- 
pension may be either as in 
Fig. 28 or with tho needles in 
the same vertical })lane, Fig. 
30, the latter arrangement! being 
obtained by supporting the com- 
bin.ition in a suitf^ble stirrup. 

A perft'ct astatic combina- 
tion sets itself in no definite position [cf. § 21, Exp. i (c)]. 



Fig. .^0. 


23. Induced Magnetism. 

Exp. i. IJlace a long piece of thick soft iron mvaABC on the 
bench in the E. and W. position and bring a small compass needle 
in tho position shown in Fig. 31 a. Attraction takes place between 



Figs. 31 a and 6. 


either end of the compass fteedle and the soft iron. Next bring 
the N-pole of a permanent magnet near the end C of the soft iron 
wire and tap the wire with a pencil. Repulsion of the N-pole of 
the compass needle occurs shbw’ing that the wire has become 
magnetized and that is a N-polo. Reverse the permanent 
magnet ^nd slvow that A now bi'comes a S-pole. Remove the 
permanent magnet and hammer tho wire briskly once or twice ; 
it will be found that the latti*r has^lost its magnetism and will 
be attracted by either jpole of the compass. 
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Exp. ii. Huviiijr cut the wire in two at place the ends 
in contact^ (b'ig. ‘H b) and repeat tl»e experiment. 

Cut the wire into shorter lengtiis and place them end ; [; 
to end and tg}4 whether a “ like pole is “ induced ” ^ | 

at the end of the wire nmmte from the p<“rmanent 
magnet. | 


Exp. 111. Try whetlu r a •* chain ” of soft iron nails or tacks 
(Fig. '^) is inugneti/.cd hy being touched at om* end by a per 
nianent magnet. 

Exp. Iv. Place the pertnaiient magnet on the bencli and 
over it lay a 4ieet of white paper. Sprinkle iron lilings evenly 
over the pajwir and tap one corner gently with the pencil, the 
tilings arrange tlieinselvesin chains along deliiiite lines (Fig. 3.'l). 

It may he.assumcd from the results of Kxps. ii and iii that each 
particle of iron has lajcome a magnet and has titled itself to 
its neighbour so that unlike poles are in contact. 

I’his conv(*rsion <»f an unmagiietiziMl pi(‘<‘o of Tron 
to a iiiagnot by the piieseiice of a permarnmt magnet is called 
magnetic induction [cf. ^ 6J. Tin? term will he extendtKl later 




Fig. 38. 

to include the effcfct of any magnetizing force* on a “magnetic 
substance. Nick9( and cobalt, though to only^a slight extent corn- 
peered with iron, also show ifiagnotic properties. ’ 
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Fraotleal BztiSBlM. 

Using a small compass, a long knitting needle (steel) and a|bar magnet, 
abow that, by induction, the feebly magnetized needle may have its magnetism 
^1) strengthened, (2) weakened, (H) neutralized and even^(4^ reversed by 
bringing neai*the i)crmanent magnet. Carefully draw the positions to scale 
and note the eiTects (cf. Fig. ill a). 

24. Linefl of Force and Mapping a Magnetic Field 
[horizontal plane only] by meani of Iron filings. < 

Exp. i. Uaingtwo short bar magnets, prepare filing maps'' 
of the' following jmitions : 

(a) the bars “end on,” the N-pole of one about 2 inches from 
the H'polo of the second (Fig. 34), i.e, two unlike pokn adjacent ; 



* Fig! 34. 

(6) ditto, but two like poles adjacent (Fig. 35) ; 

(c) the two bar magnets parallel, u^lihi poles about inches apart 

• N .-ft 

ft - M 

• • • 

(d) ditto, but like poles opposite each other 

N Mil,— 8 
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Note. The “filing niapH” may be made (1) on photographic pa]icr (p.o.r.) 
which after^xpoaure to suitable light may be developed or hxed in the usual 
way ; or (2) on cartridge paper soaked in parallin wax ; the position of tife 
filing-chains pia^ be fixed by gently warming the wax by passing the Bunsen* 
flame over it. • * 



Fig. H5. 

Bxp. ii. Placing the bar magnets on a piece of paper on the bench in 
exactly the same positioifs as in Exp. i, find the direction in which a small 
compass needle (Fig. 25) sets when it is placed intvarious positions on the 
paper and compare the directions with those of the “filing maps’* by mark- 
ing a line between N- and S-polesW the compass needle on the paper. 

Exp. ill. Mapping] a horizontal Magnetic Field by 
meani of a Compass needle.* (Fig. 30.) • 

(a) Remove all pieces of iron and all magnets except onehAr 
magnet. Place this in the centre of an im|HTial sheet of cartridge 
paper on the bench, with the of the bar magnet pointing 

N. in the magnetic mer^ian. Place the comp>i8S on Ihe paper near 
the N-pole of the bar magnet. Mark with a pencil on the paper 
the position in which the small needle sets. * Follcfw the direction 
of its N-pole andt obtain a series of positions as shown by the 
chain of small circles in Pig.i36. Join the 8uA;e88i\ie positions by 
a line bearing an arrow mark which in4icate8 the directum in 
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which a small north pole tends to move undtn- the combined 
influence of the magnetic forces (a) of the bai’ magnet^, (6) of the 
Kljirth. Repeat from th(j other stations round the magnet and 
thus o1)tain«a series of lines which map the xnagnfiic field of 
force in tlie horizonUd plane. These lines are called lines Ol 
force. 

Obiarvationi. (1) Tho direction of the Karth’s magnetic field is indicated 
by a small pointer at the top of the map. ' 

(2) The Earth's magnetic force is strengthened by that of tho magnet at 
the to^ and bottom of the map. 

(3) Tliese two forces e.xactly ncntrali/e each other at pdints P and P 
(neutral poiutK). 

(1) The lines of the Earth’s magnetic force bend inwards towards tho 
magnet on the right and left of the map. 

Bzp. Iv. llepcat (iii), reversing the i)osition of the bar magnet (Fig. 37). 
ISote the position of the neutral points i’, P, , 

Bzp. V. Map the lines of force when the magnet is placed in the E. and 
W. position. 
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25. To find the true direction of the lines of force 
in a magnetic field. 

In the last experiments it is necessary to bear in mimJ tliflt 
we have mapping the ilirection (fcf tlie horizontf^l nttnpone}^ 
of the magnetic force. 'I'he /me dirvclion of the resultant magmatic 
force* would be found by suspending the compass needle at its 
centre of givivity on a universal Ixsaring, such as is di'scribed 
boloW. 

Sxp. An unnuKjnetizfil ncoillo is jiusheil llirougli tlie ciiritro nf u 

small cork which is itself supported at the middlif by two pins which rest 
loosely in a ziflc stirrup (Fi^. dH). Tin* needle y 
is first adjusted in the cork so that it balHuees 
in any position, i.e.. at its c.(i. The needle, 
with stirsiip attached, is tlien carefully placed 
with its ends resting in two grooved blocks 
so tjjat it may be uuKjnetizrd without dis- 
turbing the adjustment of the stirrup. After 
magnetization the apparat^is is hung by a 
fine thread from a wooden stand and al- 
lowed to come to rest iti mid-air. Tlie needle 
sets itself, under the influence of the Furth's 
iflagnetio force, in the magnetic iiiendian 
with its N-pole dippinj^^lown towards the 
N. at an angle of 67^ (approx.) with the hori- 
zontal. This angle is called the angle of dip 
or inclination. The position of the needle 
indicates the direction of the liifes of force of the Kiirth's magnetic field 
at the point of observation. 

26. The Earth a magnet. 

The Eiirth behaves as if it were i^liuge magnet : its magi^eiic 
“north” pole is in the peninsula of Boothia Kclix (British North 
America), its “south” pole is within the Antarctic circle. A model 
(Fig. 39) may be made by support-ing a strongly inagnetized steel 
bar within a hollow Vooden sphere, at a position corresponding 
with the Earth’s magnetic axis. Holes must Ixi bo^'ed in ^le sphere 
at points the magnetic N- and S-poles, which are respec- 

tively 17° from the Geogrg,phic N-pole and 18 •from the Geographic 
8-pole, the latter being measured on a circle of longitude llO*' 



Fig. dH. 
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(approx.) W. of the circle of longitude passing through the Geo- 
graphic and Magnetic N-poles. 



^ Between these holes the magnetized rod must be fixed with its 
S-pq)e towards the Geographic N. If now a small magnetized 
sewing neeidle, suspended by a silk fibre attached tp its c.G. by 
soft wax, is moved from the N. magnetic pole towards the South, it 
will set itself at angles which indicate the direction of the Blarth’s 
magnetic force at various latitudes. [Bee ^e suspended arrows, 
Fig. *39. ]• It is possible in a laige model to show alterations in 
(a) the angle of dip or inclimUiorif (6) the i|ngle of variation 
or dwlinc^ioH ;yith the Geographic nysridian. [See also Figs. 40a 
and 6.] 
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It will be seen that the angle of dip varies from 90* at the 
njagnetic pole to 0“ at the magnetic Equator. 

^ By moving the needle (approximately along lines of latitude) 
so that i\\Q*dip ntmaiuH ^iHiant we are tracing isCcUnal lines. 
Janes along which the variation is constant are called isogonal 
lines (of equal declination). The isoclinal along which the dip = 0° 
is willed the magnetic hkjuator. 

Bxp. Uho tho Hmall exploring needle described above for finding the Mie 
directioivof the resultant magnetic force in tho neighbourhood of one or more 
magnets placed in various positions. 

27. The Dip Circle. 

Is an instrument used for m(‘asuring the magnetic dip, a simple 
form of which is shown in Fig. 41. The method of using is as 
follows : the dip-circle is first placed with its plane in the E. and 



W. position — the N-pole then points vertically downwards. The 
instrum^i^t is ^xt i^tated on its ba^ through an angle of 90* : 
the piano is now in the magnetic meridian and its horizontal axis 



AS 
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points E. and W., the needle is therefore free to take up the 
position oi maximum dip which may be read oil' There are how- 
ever several sources of error. 

No. of 

Source, of Error Correction Readings 

(1) The line joining the Take the mean of the read- 

two points of support may not ings at each end of the noodle. 2 

pass through tlie centre of the 

circle. 

(2) The zero-line may not Turn the whole instrument 

be level. * on its base through IKO'^ and 

repeat the two readings above 

( 1 ). 2 

(3) The magnetic axis may Rotate the nee<Uo on its 

not lie on the line joining the l)earingsand rejx'at ( 1 ) and (2). 4 

two peedle points. ^ 

(4) The line joining the Remagnetiz(! the needle so 
two points of support may n^ that the poles are rc><'rKed and 

pass through the Centre of repeattheabov<*eight readings. 8 

Gravity. 

28. Changes the angles of Dip and Variation 
(Declination). * 

The (lirectiouH of the line.s of force in the^irth’s magnetic field 
are subject to (1) daily, (2)#innual and (3) prohmged periodic 
changes, and the intensity of the force also varies. Sudden and 
violent disturbances are known as magnetic storms which seem to 
be closely connected with the appearn^ice of sun sjtots. 

By far the most important change is tliat of variation 
(declination) which may l)e accounted for by the theory that the 
magnetic N. pole moves in a clrcte of al)out 20" radius (gyrates) 
round the Geographief N-pole once in about 1000 years. In the 
year 1580 the compass at London pointed aV)out 11," E. ; ly 1660 it 
pointed due North and in 1820 the variation had reached a 
maximum of 24" V. This westerly declinatiofi is ^ow decj*eaBing 
being at present about 15" W. 
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29. Meaiurement of Magnetic Force. 

A glance at the maps of magnetic fields round hue magnets 
iltiows that the exact position of the pole is rather indefinite. For 
investigating the laws of force between two magnefeic poles it is 
usual to employ a magnetized steel rod ending in soft iron balls 



Fig. 42. 


(Robison’s magnet, Fig. 42). A filing map or an exploring compass 
reveafs the fact that the poles of such a magnet are “concentrated ” 
at the centres of the spheres. [Try this.] Good results are however 
obtained by using long knitting needles and assuming that the 
poles are situated about the length of the needle from ^ach end. 

Assuming that magnetic force radiates out from a centre we 
should expect the “inverse square law” to hold good*. Let us try 

Bxp. To show that the Corea batween two magnatie polaa varlaa 
Invaraaly aa tha sqnara of tha diatanea batifean them. 

A magnetized knitting needle or a Hobison’s magnet Am is supported 
vertically in one pan of an accurate balance and counterpoised. Another 
magnet JJn is 'clamped in the position shown in Fig. 43, like poles beiLg 
placed adjacent. ^ 

bQ — — » 0» 
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Weights are then added to the left pan to restore equilibrium 
• a If' grams ~ Force of 11'^ dynes a F, 

The distance A between the balls A and B is next accurately measured by^ 
inserting a pi^^r wedge whose ha»e is divid'^l into 10 equal divisions and 
whose height (h) is accurately measured and male slightly greater than the 
greatest distance to be measured between A and JK If the wedge tirst touches 
each ball at the point 4-7 (say) then d = 0‘47A. Find the radius of each ball 
by the screw gauge a and r.^ , then total distance D between the poles 
• =td + r, + r.. = /). 

On varying the distance (</) and finding the weight (;r) required to restore 
equilibrium it will be found that 

Actual Observations taken 


Tot^l Distance between | Weight required (H') to I s^^ * 

Poles X) ' restore equilibrium i then iVD'^sik. 


1 cm. 

0’280 gram 

•28 X lr=-28 

2 cms. 

0 070 „ 

; 07 X 4=:-28 

3 cms. 

0'f»3') „ 

•03 X 9~-27 

4 cms. 

0017 „ 

•017x16 = -27 


Blbbsrt's MagnsUe Balanos. 

That the lawof inverse squares applies to magnetic forces may also be proved 
by the use of Hibbert's Balance (Fig. 44) in which a delicately balanced 
Robison’s magnet is brought under the influence of a second magnet. The 
diMtancf is measured on the upright scale to which the second magnet is fixed, 
and the force is measured by moving a' rider of known weight along either 
arm to distances from the fulcrum marked oif a fixed horizontal scale. • 

30. Unit of Magnetic Force. 

If two like poles of equal str&n^h, placed one centimetre apart, 
repel each other with enforce oj one. dyne^ each is said to be a unit 
magnet pole or to possess unit pole itrengthi » 

Thus a N<{K>le of m units repels a unit N-pole at I cm. distance 
with a force of m Sjrnei and^a N pole of m uaits r^ls a N-pole 
of nnltf with a force of rnffii dsrnee. ^ 


B.E. 
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If the diftance apart of the poles is d cms., then the force 
ef repulsion = /’ = dynes. 

This equation may be stated as the Second LeW of Magf- 
netlc Force : 



Fig. 44. 

If it were possible to isolate two magnetic poles and concentrate 
them at two points, then the force between them would be 

proportional to the product o!f their pole strength! and 
Inversely proportional to the square of the distance 

between them. • 

• 

* 31. Intensity of a Magnetic Field. 

Having considered the force which one magnet pole exerts 
upon another, we proceed toi^’iidd a method of measuring the 
intensity a Held of force such as the Orth’s magnetic field. 
This iii^obtain^ by m«asuriDg the force exerted on a unit 
magnetic pole placed in the field. A field is said to have unit 
intensity if the /orce exerted on, a unit N-pole is one 
dyne: ' 
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Inteniity of the Barth’s Field (/). 

Let u# imagine that it is possible to isolate 
a unit N-poIe U. This unit is pulled witli a 
force of I df^ies in the magnetic meridian in 
the (^rection of the angle of dip (8), i.e. in 
England towards the North at an angle of GT" 
with the horizontal (Fig. 46). 

iet UA represent, in magnitude and di- 
rection, this force of I dynes. 

By completing the rectangle ABUC^ we 
obtain the horizon till component UB ~ H 
dynes and the vertical component i/C - V 
dynes. ‘ 

Then, since VC - AlJ F=^/ainS, 

and* UB~ AU cos ^ II - 1 cos S. 


a H dyiw 



Fig. 46. 


r 

II 


- tan Bf 


I Jll>+V\ 

From the above, .e<juations we may find tho valueg of Y and I 
if the values of H and B are known. 

Bf the angle of dip, varies according to locality and is found 
by obseryation = 67" approxiij^ately at Ixindon. 

U is found to be approximately 01 85 dyne at London [see 
§ 37], hence 

Y = the vertical component at London == '433 dyne, 

/s total force or Intensity of Earth’s field = '472 dyne. 


32. The magnetic momentof a magnet [denoted byi^]. 

Let a magnetized (eedle of pole strength m units come to rest 
in the position NS under the influence of a field of unii inUntUy 
whose direction i^ indicated by the arrow at the left-hand corner 
of Pig. 46. 

^ .Let the distance between the poles NS^ t cms. 


4-2 
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Let the magnet be deflected through an angle 0 and let its 
rysw position be • 

Draw through parallel to NS and let fall a perpendicular 

SJ* from on^ N^P, 

Then the needle is acted 
upon by two equal but oppo- 
site parallel forces, at the 
points N^Si , each equaf to m 
dynes, which constitute a 
couple whoso mgment or tor- 
que ~ ni. S^P tending to twist 
the needle back to the position 
NS. 

The arm {S^P) of the 
couple depends on the value 
of 6^ since S^P = / sin ; and 
the moment or torque 
-m.lain 6. 

The couple reaches i',8 
maximum when 0 = 90** 
[position A'aiSy, its moment 
Fig. 46.* denoted by M. 

This maximum moment or jerque (ml) of the couple is 
called the magnetic moment of the magnet (M). 

M==ml. 


r *33. equilibrium of a magnet suspended in the Earth’i 
field (H) and defiected by a force of intensity {F) at right 

angles to the direction oi H.* « 
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Fx Ian 0 


¥ 


The Magnetometer. 

To 8h jw that in a conetant field Defiecting Force k 
proportional to the Tangent of Angle of Defiection. 

[Use t}u?\)rass coni|)ass box 26 and 47), with its eentro 
I’cstiifg on the 50 cm. mark of a metre ruler placed in the E. 
and W. position.] 

Bep> Let Fig. 48 represent the small compass needle NS of the magneto- 
meter (1) at rest in the magnetic meridian, each polo being of strength m 
units, and the distance between the poles N and S being = / cms. Then since 

mH 

A 


G> 


Fig. 48. d™ distance between 8-pole of deflecting magnet and the axis A 
of the needle. 

//s horizontal component of the B<lrth*s field, each end of the needle will be 
pulled by a force of mH dynes in opposite directions. 

(2) Next, let a S pole of a long bar magnet approach from the E^irection, 
and remain at a distance (d) great compared with the leng\h (1) of tne needle 
producing a field of dorce of Intensity Tai A, i.e. F units of force on unit 
pole at the centre of the needll. IJhe needle is defleeAd thipugh p angle • 
lo the position NiSi and comes to rest when th^d^ecting forces mF, mF 
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due to 8 which have a clockwise torque balance the restoring forces mK 
which possess a counter-clockwise torque. Since the deflecting magnet pole 
Ckis at a considerable distance, mF and tnF are assumed to be parallel and 
iwjual but opposite forces, acting at right angles to the two equal but opposite 
forces mH, mH. Tiiese two sets of equal but opposite paraKiel forces con- 
stitute two balancing couples whose torques may be found as follows. Continue 
the direction of niH backwards through to P and the direction of mF 
backwards through Si to P. Then 

NiP is the arm of the couple mF, mF and mF. NiP is its torque* 
and (S'jP „ ,, „ mH.SiP , 

mF .N^P~mH. S^P for equilibrium. 

£ = ‘X=tan Ar,P= tan 0, 

R i\,r 

. Intensity of Deflecting Force (/<’) ^ 

i,€. — JT,— Ii i i r ; rv = tangent of L of deflection. 

Intensity of Earth H Horizontal Component (/f) 

This equatioiiP expressed in words gives us the Law of Tangents. " 
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34. The Law of Tangents. 

1/ a cSnpass needl*i is deflected by a mof/mtic force acting 
right angles to the magnetic meridian^ the ratio of the intetisity^ 
of the dejlect^ig field of force to intensity of the horizonUd component 
of the ^Earth's field is equal to the tangent of the angle of deflection. 

Since H ia constant for a given place, the intensity of the field 
of th^deflecting force is proportional to the. tangent of the angle of 
deflection. 

Sacp. niuttrate th« tangent law as follows. A Btrin^ AKPW (Fi^. 49), 
tied to a nail A driven into a lioard, passea over a pulley P (attaobod to the 
board) and Buspends a weight pan IF. At /T a second piece of string KIl, at* 
taohed to the first by a waxed ‘ slip-knot, supportH a conutaut weight It which 
corresponds to the Earth’s horizontal component. Vary the dcfieoting force 
F by adding weights to H' and at the same time move the Blip-knot along the 
string BO that tlio direction of F is horizontal ; i.e. at right angles to KH. 
Enter your results thuB ; 


Deflecting Force 
yi’) = WtB added 
+ Wt of Pan (12 
grams) 

Constant Force • Angle of do- 
II - flay 100 gms . flection = $ 

• 

• 

tan 0 

tau 0 

46.fl2= 58 

100 30' 

• 1 

•577 

68 , * _ _ 
rstrio®-* 

73+12= 85 

100 

1 40^ 

•839 

^~*®*'* 

89 + 12 = 101 

100 


I'OOO 

=1010 

108 + 12=120 

100 

5(y‘ 

1 

M92 

=100-9 


The value of the tang *nt may be read o(! a horizontal scale drawn (Fig. 49) 
from a point B vertically below and 10 units from A. Explain thi^ 

t The wax on the slip-knet ppevents the latter sNppini^alon^ the string 
when KP is adjusted horizontally. * 
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Since the deflecting force, F, cc tan d, 


it is found tiiat 
i.e. 


tan (? « -75 , 

tt* 

tan d= constant {k}. 


'd2* 


36. To find the intensity of the defiecting field of 
forc^ (P) when the influence of both poles (strength m) of the 
deflecting magnet and its length (/) are taken into account, 

I. The magnet placed in tlie end>on position. Place the 
magnetometer lengthways in the E. and W. position (Fig. 52), 
the compass needle in the magnetic meridian and the aluminium 


N 



Fig. 52. 


pointer over 0** of the circular dial. Place a .^kort rectangular bar 
magnet (ns) of length 1 on the scale with its axis E. and W. 
[end-on position], its centre being d cms. distant from the 
compass needle. Take the mean of the two pointer readings to 
obtain the angle of deflection ($). Then 

distance of n from magnetometer needle = II , 

„ 8 ,, „ + 

If we consider the force of each pole (strength m) of the 

deflecting magnet on % unit N-pole at we obtain* 


force repelling due to n - 




Aod force attractifu) due to « = 


'7+p5» 
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and their difference = resultant force {F) on unit N-pole repdliTig 
_ ^mld r 

iml* 

- (approx.) [if I is small compared with rf], 

2M ** 

Ps:-^ (“end-on” position). 

Hence we can find (M) the magnetic moment or 
tonpie of the rectangular magnet in terms of Hj d 
and 0. 

2M 




Since 


F~ //tan 0 = 




M= i.d>.Htan0 


( 1 ). 


s 

Fig. 63. 


• II. The deflecting magnet placed in the broad- 
side position. Place the piagnetometer lengthtmys 
in the magnetic meridian and the small deflecting 
magnet ns (pole strength m) in the E. and W. 
position (Fig. 53). , 

Then, if I, d and 0 indicate as in I, it may be 
proved that ‘ 

F = ^ (broadside position), 

M 


hence 


. K[ = d>.Htan<> .. 


( 2 ). 


*07. To find tbo Talno of H. [A “vibration” experiment.] It may be 

proved that if the small dedeoting magnet is saspended and allowed to 
vibrate about its central geometric axis (Fig. 64), to and fro across the 
magnetic meridihn, the time of vibration being Tcsecs., then 


[Of. 


= 3 "- \/\ 




for method see pendulum, Exp^Sc, Part I, § 12.] 
* Omit for first' reading. 
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where K ie the Moment of Inertia^ of the Magnet, hence 




( 8 ). 


By combining results of Equation (8) with those of either (1) or (2) above 
the TaliM of B is obtained 



To flan tiM magnetle moment or torqne (Bi) of the tar megaet. 

Insert the value of H obtained in the last experiment in equation (1) or (2). 

1 Boto to Toaeher. IJp facilitate correction of the note-^ooki, it is con- 
venient to nee similar rectangular bar magnets. 

mass of magnet in grams [( J/)* > 

K= ^ ~ , 

where {= horizontal length and br^horizontal breadth flf mg|gnet. 

* For another meth(^ of finding H see Tangent Galvanometer 45. 
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* 38 . To compare the Intensities of two magnetic 
fields H and H.. o 

I ' 

AsBuming that the experiment described in § 37 was performed in a part (A) 
of the laboratory that was free from magnetic forces other ^an the Earth’s 
field, carry the vibrating magnet to another position (B) where there are 
known to be large masses of iron, as for instance, heating apparatus(»an iron 
fire place, iron gas pipes or steel gas cylinders. Find the new time of vibra- 
tion Ti by averaging the time of (say) 50 complete vibrations. 


Thqn since 


~ MH ' 


T‘^~ 

H 


and 



k 

/// 


•• T}- 

or if n and are re.spectivoly the number of vibrations in a given time, then 



Questions on Chapter III 

1. Two knitting needles, one of which is magnetized, are suspended 
separately by silk fibres. How would you proceed to discover which is the 
magnetized needle? 

t 

2. Explain the term magnetic induction.” How would you prove ex- 
perimentally that the attraction betweer. a bar magnet and a piece of soft 
iron is due to magnetic induction ? 

8. The N-poIe of a weak magnet is found to repel the N-pole of a small 
compass needle, but when tha bar magnet is replaced by a similar one of 
str6nger pole strength, the needle is found to be attracted. Explain this. 

4. What is meant by the magnetic axis of a magnet? Describe fully how 
yon would find it in the case of a flat irregular sheet plate. L. M. 1918. 

5. What is meant by ** variation” ? How would you obtain the variation 
at a giv^n position? A icout is ordered to march by compass from Neuville 
St Yaast to Thelus on a true bearing of 01° E. of N. If the variation is 18° 
on what magnetic bearing will he march? 


Omit for first reading. 
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6. An observer, using a compass, sees a tower on a magnetic bearing of 
67®. If the vfriation is 13° wliat will the true bearing be? 

7. How would you make a simple magnetic dip oirclo if provided with a 
bar magnet, an^mmagnetized piece of sheet sttel, thread and any accessories 
you need ? 

Ho\# would you use the instrument to find the magnetic dip? Explain 
the cause of the dip and state why a compass needle does not dip. 

0 . L. . 1 . mo. 

8. What is meant by a magnetic field? Describe how the field due to a 
bar magnet placed at right angles to the magnetic meridian may bo investi- 
gated, and givc^ sketch of the result to be ex[»ected. L. M. 1920. 

9. What do you understand by “ lines of magnetic force ”? 

Draw the lines of magnetic force between two parallel bar magnets about 
half an inch apart with {a) unlike poles adjacent, {b) like poles adjacent. 

(Neglect Earth’s field.) 

10? Given corks, a deep bowl of water, a strong bar n»gnet, two long 
knitting needles, devise experiments to illustrate (u) the forces of attraction 
and repulsion between magncfic poles, (6) the lines of force between magnetic 
poles. 

11. Define unit magnetic pole, pole strength, field intensity, magnetic 
moment. 

What force does a magnetic pole of strength 5 exert on a similarly charged 
pole of strength 10 placed at a distance of 7 cms. ? ^ 

12. Two similar magnetic poles of strenglh 10 are placed 4 cms. apart. 
Determine the field intensity at a p«4nt (^i) midway between the poles, (t) one 
cm. away from one of the poles on the line joining them. 

13. What is a couple? How is the moment of a couple determined? 
[§ 32.] What will be the couple exerted on a compass needle of pole strength 
3 units, length 3 cms., when it is at right angles to a field of strength (a) JO, 
(6) unity? 

14. What is a “neutral point” and show how its position in a magnetic 
field can be determined experimentally ? 

16. Show that the field intensity due to a small bar magnet at a point 
on it. axis produced U equal to where .« ia its magnefle momellt and d 
the distance of the centre of the magnet from the poin^ 

16. State and prove the Law of Tangents. 
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17. Deioribe and explain a method of verifying the Inverae Square law 
for magnetic poles. L. M. 1918. 

^ 18. What is meant by the statements (a) that the strength of a magnetic 

pole is m units, {h) that the strength of a magnetic field K? H units ? The 
distance between the poles of a bar magnet is 15 cms. and the strength of each 
pole is 1(X) units. Find the magnitude and direction of the field dub to the 
magnet at a point distant 15 cms. from each pole. 

19. Describe the construction of a simple type of magnetomecer and 
explain fully how either (a) the magnetic moment of a bar magnet or {b) the 
variation with distance of the field due to a bar magnet at points on the axis 
produced may be determined by its aid. L. M. 1918. 

20. Show how you would magnetize two similar knitting needles each by 
a different method and discover which is the stronger magnet. 

21. A bar magnet with its axis E. and W. deflects the compass needle of a 

magnetometer, placed on the line of its axis produced, through an angle of 
25°. Calculate the polo strength of the magnet from the following data: 
length of magnet 5 cms. , distance of compass needle from centre of magnet 
20 cms., c.u. H. units. 

22. In an experiment with a magnetometer, the axes of two magnets were 
placed in line pointing E. and W., and the compass needle at a point on the 
line between them. When the centre of one magnet was 12 cms, and that of 
the second 3C oms. away from the centre of the needle it was found to be 
undefleoted. Compare tae moments of the two magnets. 

28. Describe carefully how you wouH proceed to determine the direction 
of the resultant force of the Earth’s magnetism at a given point. 

What do you mean by (a) the vertical, {b) the horizontal component of 
*the Earth’s field, and state how you would determine their values in absolute 
me^ure ? ^ 



CHAPTER IV 


THE ^IAGNETIC EFFECTS OF THE KI.E(T11I(’ CURRENT 
LEADING TO THE MEASUREMENT OF (TTRRENT AND 
THE THEORV OF MAGNETISM 


39. Electric Bell. 

The sinipTe magnetic effects of an electric current may be illus- 
trated hy experiment with the 
familiar electlic bell. Fig. 55 
shows a plan of the bell wdiich is 
competed by wire from its ter- 
minals, 7’,, y'ajto two lieclaiiclie 
Cells in series with a “push ” con 
tact for completing tlie circuit. 

The conventional “direction of 
tfle current” is indicated by 
arrows. The current, ^entering 
at passes along a spring, 
attached to a soft iron keeper. A", 
to an adjustable screw C whi<^ 
together with the spring forms 
the contact-breaker ; and 
thence by a wire wound round 
two bobbins which forms a con- 
tinuous coil about a piece of iron 
bent twice at right angles. Whed 

the circuit is completed, through 55 Leclsnch 6 CelU. P, Piwh. 
the terminal T,, to the zinc rod . li, Bell. DD, Sgring. /7^CoDtaet> 
(Z,) of the battery^ the soft iron' <■' 

core becomes a magnet, %n electro-Uiagne^ and attracts the 
keeper K causing the attached hammer U^strike the bell. This 
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attraction breaks the circuit between the spring and screw of the 
contact-breaker so tliat the iron core returns to its original unmag- 
^ netized condition and the spring flies back, strikes the screw and 
completes the circuit onw more; and so the proctSs is rapidly 
repeated. 

Bxp. 1. If A small compass needle is brought near each end of the soft 
iron core while the bell is ringing, it shows that (a) an electro-magnet possesses 
N- and S-poles corresponding to those of a permanent magnet; 

(6) magnetization ceases when the current is broken ; 

(c) the polarity is reversed when the direction of the current at , Tj is 
reversed. 

Bxp. 2. Examine the direction of the current as you look into the face 
of each pole, (a) When the current passes in a olookwiee direction a B-pola 
is facing you, ; 

(b) if oounter-oloekwlM, a ir-pole is facing you, ^ . (Fig. 65.) 



Fig. 66." 
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8. Confirm the relationship between polurlty and ( 
ennent by |^iug eithn electro-magnets 
as illubtrated in Figs. 56 a,b,c \ or simply 
by magnetizing a straight soft iron core 
as in Fig. dOd?or a U-shaped soft iron 

core by the method indicated in Fig. 57. 

• 

Vractieal BxerclMa. 1. Make an 
electric Buzxer, by replacing the keopi-r 
and hafhmer with a short steel spring. 

2. Alter the adjustments of the con- 
tact-breaker in order to convert the 
trembler electri^ bell into a alngU atroka 
gong. 



Fig. 57. 


40. The Solenoid and Magnetic Shells. 

Bzp. 1. Wrap a continuous coil of wire in one direction only, round a 
hollo>a cardboard cylinder, and suspend the latter from an ^i^justablo beam 



by a wlro of phosphor bronze £ as thown in Fig. 68. TlTe snjh of th#8oil*wIro 
dip into two onpi of mercury placed vertically belof the point of saspaniion. 
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Current from a battery or from the lighting main supply' is passed through 
a commutator [§ 62] to the coil by way of the mercury cups. ^3uch a coil is 
^ known as a aolenoid. When the current is passed the eoilMta itself In tlia 
ir. and 8. dlraetlon. Show that (1) it possesses polarity by means of a magnet 
or compass needle; (2) the polaiity is reversed on changing“’the direction of 
the current; (3) the magnetic effect is increased on placing a solid core or a 
bundle of wires of soft iron or steel inside the cardboard cylinder. 

Bxp. 8. Test the wires, on removal, for permanent magnetization — the 
»inl becomes permanently magnetized, the soft iron only temporarily while 
inside the solenoid through which current is actually passing. 

Bxp. 8. X>e U Rlvc’a Floating Battery. A voltaic cell is made by 
ffoutiiig the zinc and copper plates attached to a 
large cork in a bowl of dilute sulphuric acid (Fig. 69). 
The wire conveying the current is coiled closely so 
as to form a circle the plane of which .is found to 
possess the magnetic properties of a thin plate or 
magnetic shell, as it is called, having N- and S-pole 
faces. Test this with (1) a permanent bar magnet, 
and also (2) a smah compass needle ; and try to 
imagine the directions of the lines of force with 
regard to this shell. By remembei ing the direction 
of the lines of force about a bar magnet (§ 24), it will 
Fig. 69. A Dilute snl. found that the floating coil tends to set itsell so 
phuric acid. B, Cork, as to include the greales*. number of lines of magnetic 
A/, Magnetic shell. force of an external magnetic field, 
c * 

Deductions and Recapitulation. 

From these experiments we cc.iclude that : 

(1) a current-l)earing circuit produces a magnetic field of the 
kind tliut would ho formed if the plane enclosed by the circuit 
w^re a thin magnetized plate or shell ; 

(2) a solenoid is a seri^ of such magnetic shells having the 
same central axis : 

(3) these ^electro-magnetic cods tend to set themselves so as 
to include a maximum number of lines 6i magnetic force of an 
external magnetic held : 

(4) iron is more permeable to these lines than air is [§ 49] : 

(5) ^ steel may be magnetized permenently if it is placed in a 
magnetic field produced by a current of electricity. 

' See Note on OautioB next page. 
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41. Lines of Force of an electro-magnetic field. 

Bzp. 1. Make a tilin^>tnap of the liuea of force of the magnetic field 
caused by pasuing an electric current through a circular coil of insulated wire, , 
Fig. 60. The }%ine of the map is hori/ontal and contains the axis of the coil. 
Good results are obtained by paKsing a current of one or two amperes, 
preferably from the main supply*, through a coil of ‘20 or 60 turns of No. 23 






f 


r 





Fig. CO. 

wire with a lamp resistance in the circuit. It is observed that the lintt 
of force are 

(а) uniform at the centre of the coil where their direction at right angles 
to its plane ; 

(б) approximately circular and continnous where the coil itself passes 
throngh the paper. 

» Oantloxi. In using the lighting main supply for en^rimental purp^ 
place a lamp reeUtance [see Appdfidix I] in the circuit, ^ethef^^h a 
precaution fuse, and aovar toaok tbe appaMta% wlicn tbe ennoift la 
amtabadott. 


.6— S 
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Bzp a. This latter observation (6) enggests the presence of o magtutu: 

field of force round any condttctofir carrying a 
current of electricity. 

A current of a few amperes from the main 
Bupply (Caution) is sent througn a lamp resist- 
ance in circuit with a vertical wire which passes 
through a horizontally placed card sprinkled with 
iron filings. (Fig. 61.) Immediately the current 
is switched on the presence of a magnetic field 
around the wire is revealed by the filing-chains 
following the lines of force which are circles whose 
centres are in the wire and whogie planes are at 
right angles to it. 

Bxp. a. There yet remains to find tlio 
dlreeUon of the lines of foree by means of a 

tnuill compaea needle^ having regard to the direction of the current. 

Kemember that the positive direction of a magnetic line of force is that 
in which a N-ifiagnetio pole moves when it is placed in the field. ' 



Fig. 61. Lines of mag- 
netic force about a cur- 
rent-bearing wire. 


The Screw or Oorkscrew Rule. Imagine that you are 


screwing an ordinary screw or a c&rkscrew into 



is de6eoted towards your ^ft hand. Test this ly placing a current- 
With ordinary breast stroke. 




41] Ampere's Rule 6Q 

bearing wire alongside of and also both (1) above and (2) below 
a suspended magnetic needle ( Pig. r>3). 


*41 (a). OotvtTM BxteAOlon of Ampto«’« Bnto (U). 

We must bear in mind that in the last experiment there are txoo main 


field* of magnetic force: (1) that 
due to the current, (2) that due to 
the maf^net, which react mutually. 
So far the magnet lias been free 
to move and the wire fixe<l. Now 
let the magnet be fixed and tlio 
wire be free to move sideicaif*. 
By Newton’s III Law to every 
action there is an equal and con* 
trary reaction ; therefore the wire 
will be translated bodily accord* 



ingt^thefollowingmoaifieationor ^ 

AmpJre'u j/oiir. Magnetic Kidd. 

»elf Bwimming in (he wire, witiPth^ 

current, and looking along the line* of force (in this case (Fig. 64 J away from 
the N-pole of the fixed magnet), then the wire will be carried towards your left, 
If the magnet pole were S, the swimmer would have to turn on hie 
back and/rtc« the S-pole in order to look in the direction of the lines of force.] 


*4 1 [h). Furtlier Bztenslon of Amp4re’a Bnle (ill) [Zndncod Owrontt]. 

There yet remains the consideration of a third condition, viz. when a 
wire forming part of a circuit wl^ch does not contain a battery or other 
generator of electric current is moved across lines of inagnetio force. Here 
energy to move the wire must be supplied [§ 54]. 

The result again follows from Newton’s 111 Law. Moving the wire across 
the lines of force of the magnetic field resulW in a production of current in 
the wire, and this indueod carrwsit tend* to €au*c motion [Ampere, g 41(a)] 
in a direction oppoalac the movement of the wire caused by the energy 
supplied. Therefore the direction of this induced current is determined by 
considering the question of reaction or opposition to the for^ used in moving 
the wire. Henoe, when w# consider the case of moving a wire so that it oats 
across lines ^f magnetic force and the consequent induction of corrent in the 
wire, we must modify Ampere’s Role, thus Jmapins %hat (1) you are 
nnmming in a wire which is moving aero** (cutting) the line* of force of a 


Omit for first reading. 
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magnetic field, (2) you turn yourself so as to look alomj Die lime of magnetic 
force^ and (3) the wire (and you in it) is being moved to the ri^fht (Fig. 66), 
then you are swimming with the cur- 
rent induced in the wire ; if the wire 
is moved to the left, ihe current is 
against you^ 

42. OalvanOBCOpes. (Cur- 
rent Detectors.) • 

The simplest form of galvano- 
scope is shown in ^ Fig. 66: it 
consists of a compass needle sur- 
rounded by a coil which carries 
the current. Deflection of the 
needle may be explained either by 
the “Corkscrew” and Ampi^re’s 
Rules or by considering the mag- 
netic field produced by the cur- 
rent in the coil as due to a 
magnetic shell with N. and 
faces, repelling the corresponding poles of the compass needle. 






I For Fleming’s fight-hand Rule see § 54 : it is best, however, for the 
beginners !n ntasUr Am]^e*s Utile, with it^ extensions, before considering any 
other rule. 



Fig. 66. Current induced by motion 
of conductor in Magnetic Field. 
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Current Detector 


71 


2 turns of 
thick wire 


100 turns of 
fine wire 


Fig. 67 shows a slightly more specialized typo which the student 
may easily construct. 

Bxp. i. To make a galvanoaeopo (detector) which afterwards [Exp. iv, 
§ 4o] may be cHibiated as a galvanometer (measurer). 

Two strips of wood AB, CD are glued along the sides of a rectangular 
piece A'BCD so as to make 
a frame in which a magneto- 
meter ^eedle (Fig. 26) and 
case may be placed. Two 
wires, the one thick and in two 
turns of low resistance, the 
other thin and of many turns 
of high resistance, arc wound 
round the frame in series as 
shown in Fig. 68 and attached 
to the three binding screws 
The magfietometer 
needle is placed in the frame 
under either coil as the ex-* 
periment requires and its 
sensitiveness is increased by 
u^ of a control magnet SN 
which serves (1) to decrease 
the strength of the Eartj^'s 
field or (2) to adjust the 
poiuter to the zero position be- 
fore current is passed through 
the coil. 

Bxp. U. Try the effect of 
the current from onf. Leclanch4 
cell on the magnetometer 
needle placed under each coil 

in turn, when the control ^ ^ 
magnet (a) ia far removed, ^ 

(b) strengthens the Earth's * ^ , 

field, (c) dimitiishes the foftse of the Earth’s field. Draw diagrams of the lines 

of force to ei^plain all cases and record results. 

.B. Do not “ short-circuit” the cell unnecessarily ; use a plug or “ key ” 
to complete the circuits remove the plug immediately the readings are obtained 
and remember to take the me4'a odthe readings at eaelf eiukof th^jw/nter: 
avoid parallax error. 



Plan 


Id 


Section 
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Bxp. 111. Repeat Exp. ii, using two Leclanch^ cells, (1) in seriet, (2) in 
parallel. Record your results. 

Railway Telegraph. 

A modified kind of current detector (galvanoRco^e) consisting 
of two coils wound in the same direction — a 
divided solenoid in fact — may be constructed by 
the student: the deflection of the magnetized 
needle, suspended between the two separated coils, 
is increased by each coil aiding the other. We 
may view the deflection in the lights of Ampere’s 
rule, or from the stand-point of two magnetic 
shells of opposite poles on either side of the needle. 
The common Railway Telegraph '(the old 
fashioned Post Oflice pattern) is an instrument of 
this kind ; the needle, weighted and pivotediso as 
to stand upright when yot in use, is deflected to 
right or left according to the direction of the 
current which is changed in dii’ection by a com- 
nmtator or by a “three-way” lever shown «Q 
Fig. 09 where the two halves of the battery are 
used separately but in opfosite directions as the 
leve/ is switched to right or left. Two small gongs 
[^1 > ^ 2 ] differen^notos are sounded by the upper 
part of the needle, the two notes corresponding to the dots and 
dashes of the Moi'se code [§ 109]. 

43. Control of Senaittvenegg. 

Besides the method of control mentioned above where a bar 
magnet was introduced to reduce the force of the Earth’s field, an 
aitatic pair of needles [§ 22] mdy be used, round one or both of 
which the current-bearing coil is placed (Fi^. 70 a and b). Such an 
instrument is often called an attatic galvanometer, although 
it does not measure current * 

c. 

Toreion^df Spring control.^ In some forms of Galvano- 
meters, Ammeter and Voltmeters, the needle is suspended by a 



Fig.G9. CC, Coil. 
GjOo, Stops, 
irfr, Line wires. 
B, Battery. L, 
Three-way lever. 
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wire the torsion of which not only servos to control the amount of 
deflection ^ut also may be used to measure the current if the 
instrument is calibrated by a standard instrument. In other forms 
the magnetiled needle (or, as we shall see later [§ 47], a suspended 



coil magnetizefl by the current itself and so taking the place of 
the needle) is attached to a hair-sprintf whicii controls the swing 
by a method of suspension similar to that of the balance-wheel of 
^watch. 

44*. Mirror Oalyanometer. 

The angle of deflection of the needle may be more accurately 
measured by an optical method. Jn the Mirror Galvanometer 
(Fig, 71) the needle is cemented to the back of a small circular 
mirror M which is suspended by a silk fibre at the centre of the 
coil AB, The angle of deflection $ is measured from the amount 
of displacement of a beam of light ^fhich is reflected from the 
mirror on to a scale D WK, The normal position of needle and 
mirror is in the plane of the coil and is obtained either by placing 
the coil in the magnetic meridtan or by use of a control magnet 
At^he centre of the Scale and at right angles to its lengtl: 
is an adjustable tube holding a lens at L and a (yoss wire at W, 
The scale is placed horizontalfy and parallel to the plane of the 
coil and, for purposes of calculation, either 50 oalOC^scale divisiom 
from it. The lens is adjusted so that the in^e of the cross toire 
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which is fixed vertically across a hole at the centre or zero division 
of the scale, is reflected back from the mirror and focussed on the 



Fig. 71. JB, Section of Coil with its plane m the magnetic meridian, 
il/, Small mirror with needles attached as at 31 1 . 

scale. In the normal or zero position a beam of light frotn a sour^ 
S strikes the mirror, J/, normally and i^ reflected back along 
itself. * 

Let the needles, i e. the nnrror, be turned through an angle of 
0 radians, then the reflected l)eai« will move through an angle 
of 2$ radians*, and the path of the beam is IFMD, where WD is the 
displacement of the spot. 

Measure WD = (say) 3(?4 scale divisions. 

„ WM^ „ 100 „ 

Then . U=tan2fl=»^*=0-364. 

which corresponds to an angle of *3191 radian or 20°. • 

*1746 radian or 10°. ^ 

.• • • 

' See § 188, Experin^tal Science, Part I, Physios, Sect. V, Light. 
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N.B. It will be found by calculation that, if the displcicemcnt 
is smally (sty) 20 scale divisions (where SAf = 100), ^ 

tan 0 = 0 radians (in circular measure), 
or, in words^for small angles, the tangent of an angle equals the 
angle measured in radians. 


4§. Measurement of Current by deflection of a small 
magnetic needle at the centre of a circular coil placed 
in the magnetic meridian. 

Tangen\ Galvanometer. 

We know that (1) the intensity of the magnetic held of force 
(F) at the centre of a circular coil carrying a current is perpen- 
dicular to the plane of the coil 41 1. 

(€) the force of intensity F deflecting’ a small suspended 
magnetometer needle fngn the plane of the meridian through an 
angle 6 is given by the equation 

;^’=//tan^[p3]. 

• It can be proved mathematically and confirmed by experiment 
that 


(3) 


F = 


27rnC 

"ior 


where n = numlxjwof turns of coil 

r = radius 

C = current in Amperes, 

hence (4) = JJ Un 0 ; 

10 . H . r . tan 0 % 

therefore (5) C = 2m amperes, ^ 

Aesunpng this formula for the present (see Exps. pp. 77-8), 
let us construct an instrument called a tangent galvatiometer for 

1 Bemember F=the inteflaitj* of the field of forcf an* is mf^sured in 
dyiiM acting on a unit magnetic pole. 
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meMuring electric current in amperes. Fig. 72 shows a vertical 
^ard or frame tittcd with four circular coils, two oif each side, 
^ each connected to a pair of terminals. The number of turns and 
the radii vary. , C 


2turn8(« = 2) ! radius(r) = 7‘6cm8. thick insulated wire 

2 turns (n =2) j „ cms. ; „ „ „ 

5turn8(»i = 6) ! „ :=10 cms. j „ „ „ 

100 turns (u = 100) i „ ~ 12*5 cms. | fine 


A small shelf carries a magnetometer needle which must be 




‘ Fig. 72 . 

adjusted at the centre of the particular coil usell, the latter being 
placed v^h its plane in the magnetic meridian. A horixontal section 



46 ] F oA Centre of Coil » 11 


of a tangent galvanometer is shown in Fig. 73 which should be 
compared Vith Fig. 48. 


Bzp. (i). tbow that tht Xnteniity of tht 
7ieid (r) at the centre of the circular coil of a*tanKent 
galvanometer (a) varies directly as the number of 
tnma n aud (&) inversely aa the radius (r). 

Connect the pair of terminals of each coil, men- 
tioneii below, of the tangent galvanometer (Fig. 7‘J) 
in series with one or two Daniell’s Cells, having 
a key or plug in the circuit. Do not complete 
the circuit ui^il you are ready to take the readings 
at each end of the magnetometer needle and obtained 
after tapping the glass gently. Disconnect immedi- 
ately after this is done. Enter your results as 
follows : 

a. To show that F « n, use coils (2) and (3) which 
hav^ the mme radim. 


IN 



1 $ 

. Fig. 73. 


Coil 

No. of 
turns n 

Readings 

Mean de- 
flection 6 

tan $ 

F=:H tan d 

Ratio F/n= 

2 

n=::2 

13^ 15° 

J4°C. 

•240 

F\ = -249 H dynes 

|•249///2=:•12 

8 j 

1 n=6 

30° 32° i 

1 *31° C. 

•601 

-601/7 „ 

i • 

•601///6=.'12 


b. To show that F «c ^ , use ^ils (2) and ( 1) which have the game no, o, 
turm. 


Coil 

Radius =:r 

Readings 

1 

Mean de- i 
flection 9 

s 

tan e 

F=/itan9 

Fxr=ki 

2 

10 cms. 

13° 16° 

14° C. 

*249 

= *249« dynes 

2-49H 

1 

7*6 „ 

♦ 

18°*20° 

19° C. 

•844 

= '844ff „ 

2-58H 


M.B. More aoocrate results are obtained by inserting a oommntato 
[see § 52 at the end of this Chapter] between the gaivanogieter and battery 
four readings will then be entered in the 8rd column [of. § 27 (8)]r 
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Bzp. (11). To find tho Onrront (Amptoeo) in a circuit, uae Coil No. 2 and 
calculate the current by formula (5) above. • 

• ^ n 

C- — . tan e. 

• 2^11 I 

The factor is called the reduetioix factor of the galvanometer. In 

aim 

this case, Coil No. 2, 

r=10 eras, and n=:2 turns; then, if // = *19 dyne, 

„ j ^ 10x-19xl0x7 , , 

the reduction factor = - ^ =1*61 approx. 


.•. in Exp. (i) where the current caused a deflection of 14‘" 

C’ = l-.'51xtanU<^ , 

= X -249 = 0*38 Amptoe approx. 

Find the current from two Daniell’s cells in series or one Bichromate 
Cell by experiment and formula, using coils (1), (3) and (4) and suggest 
reasons why the current should be less when Coil No. 4 is used. 


*21xp. (111). To sbow tbat the Intenaity of the field (F) is proportional 

• to tho Carront*[E(iuation (3) above], i.c. Fee C, see method of measuring 
current by rate of deposit of copper by electrolysis, § 61. 

Bzp. (iv). Calibrate the galvanoscope sliown in Fig. 68 so that it may 
be used as a galvanometer, and prepare a graph deflection current. 

46. Electro»magnetlc unit of Current. , 

The problem of investigating the .strength of a magnetic field 
due to a current flowing in a straight wii'o is complicated by the 
fact that each element of the wire is at a varying distance from 
the unit pole placed at a particular joint in the field. Experiment 
proves tliat the force varies inversely as the distance (r) of the 

point from the wire, i.e, ^ . 

If however we bend theVire into the form of an arc of a circle 
and place the unit pole at the centre of the circle then it is found that 
F oc directly as the length of the arc (f), 
directly as the current (c), 
oc inversely as the square of die radius, 

• n t f C ' 

^ Ic 

and we <»n cheose the unit of current (c) so that ^ . 

Omit for first reading. 




46 - 47 ] Amph'e-meters 79 


This unit is called the electro-magnetic unit of current, 

and may Ife defineil in c.g.s. units as the current which flowing in 
a wire 1 cm. length bent into the arc of a circle of 1 cm. radius 
exerts a fot^e of 1 dyne on a unit magnetic pole placed at the 
centre of the circle — i.c. the current produces a field of unit in- 
tensity at the centre. 

Current expressed in or absolute c.g.s. units i.s indicated 

in thts book by a small C. This unit is too large for practical 
purposes : 

the practical unit— the ampere = unit. 


Ampere.s are expressed by a large C. 

The force (P dynes) on unit polo placed at the centre of the circular coil 
of a tangent galvanometer, of radius r and n turns, is obtained thus ; 


F=z 'r dynes, where c is in 


or absolute units 


_27rni . c 

= — ,, [see note below] 

^ amperes. [Sec also § 79.] 


47. Ammeters or Ampere-meters.* 

By means of a tangent galvanometer connected in series with 
any other instrument for measuring current we can now tabulate 
scale readings on the latter corresponding t«o amperes measured 
by the galvanometer : tins process is called calibration. From 
these observations we can construct a graph 

amp^rcs/scale readings. [Cf. § 45, Exp. (iv).] 
Current measuring instruments are called amp^re-metors 
(ammeters) and are chiefly of three types — (1) moving-magnet f 
(2) movij^-coilf (3) moving-iron,*’ 

Note. Force f er unit length of coil ac 4 > 

• — 

^ 2Tr ^ 

Total force at centre of circular coil x -s- x - . 

• f* r 
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(1) A moving-magnet ammeter is shown in Fig. 74 a 


c 





Fig. lia. 

where, suspended inside the current-bparing coil, a permanent 

magnet with pointer attached 
is deflected by tlie magnetic 
field created by the current. This 
is clearly a modification of tHe 
tanijmit yahanovieter. xVcontrol- 
magnet for neutralizing the 
Earth’s field increases the sensi- 
tivity. 

(2) A moving-coil am- 
meter is shown in Fig. 74 6 
and the type is explained by 
Figs. 75 a and 6. The current^ 
ov rather a small but known 
frewtion [see § 71 , Shunts], to be 
measured enters at the terminal 
and passes dowi^ a wire of 
phosphor brenze which suspends 
the coil and thence through a 
control hair-spring [§ 43] to the 





Fig. 746,. 
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teraiinal The plane of the moving-coil is set, for the zero 
position offthe pointer^ in the plane of the field between the poles 
of a strong permanent magnet NS^ concentrated by an iron core 
within but tot touching the coil When the current flows, the 



AB, Scale, reading amperes. D, Soft iron core. A’, Brass support. 

coil moves across the lines of magnetic force due to the permanent 
magnet [§ 41 (a)] being acted on by a couple wliich opposes the 
torsion of the hair-spring and phosphor bronze suspension. When 
equilibrium is established, it \% found that the deflection is pro- 
portioned to the current 

Bxp. principle of the movinK-coil galvanometer q^ay be shown by 
passiog a current from two Bicbrolnate Cells through a small coil of fine 

t 

t In the most sensitive mlCro^m meters the defiectionais meiiured by 
means of a mirror attached to the phosphor bronze^suspension. [§ 44.J 

as. 6 
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(No. 36) insulated Copper wire of about 200 turns suspended by one of its 
terminal wires round which the other is wrapped loosely. The? coil is hung 
Vith its plane in the direct held between the N* and S>polea of. a permanent 
• magnet. (Fig. 76.) 

• ^ 

(3) Moving-iron ammeter. The main feature of this type 
is a hollow coil of thick wire carrying tlie current which, by 
creating a strong magnetic field, magnetizes a moving piece ^f soft 
iron within the core. In Fig. 77 a soft iron lever, to which a 
pointer with compensating weight or spring is attached, is sucked 



Fig. 76. /I, Commutator. Pattcry. Fig. 77. AB, Coil. C, Counter- 
C, Coil of 200 turns. 0, Support, t poise. L, Soft iron lever. 

MM, Permanent magnet, strengthened P, Pointer. S, Scale, 

if necessary by supplementary current. * 

• 

in towards the centre of the core^ A section of another kind of 
moving-iron aiua\^ter is shown in Fig.^78. XKe moving-iron rod 
fixefTin a frame and pivoted on a spindle shown in section at 
Oy is magnetized and repelled by a similar hsit fixed iron rod B. 
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*48i Fields of Force, Xilii«B of Fore* and BKasnatle Flux. 

We hav| already defined a field of unit intentity [§ 31] : a unit magnetic 
pole placed in such a field is moved in the direction of the lines of force 
with a force ^f one dyne. We may imagine a sheet of paper to be placed' 


A 


0 




Fig. 78. Section of coil and iron rods. The arrangement of the compensating 
^ rod, 0, is shown on the right. 

perpendicular to the direction of the lines of force (Fig. 79) and divided into 
square centimetres whichjhave unit poles at their centres. If the field is of 
unit intensity we can describe the total force acting across 
1 sq. cm. as 1 line of force per sq. cm.: in a field of intensity 
(fifty) 7, each of the unit poles wouj^ be acted on by a force 
of 7 dynes, or we could say that there were 7 lines of force 
per tq. cm. If the total area were (say) 10 sq. cnis. then 
there would be 10 x 7 lines of force across the whole area 
or, to use a new phrase, the total magnetlelluz would be 
70 dynes per total area. 

In the case of a unit pole placed at the centre of a 
sphere of unit radius (1 cm.), thc^ total flux across the 
surface of the sphere is found by considering the force on 
a unit pole at the centif of each sq. cm. of the surface 
at a distaqpe of I cm. from the unit pole placed at the 
centre of the sphere. The force dn the unit pole at the* 
surface of the sphere lb one dyne. Therefore, since surface of sphere 4irr^, and 
r—l cm., the total flux is 4ir if the strengtlfof foie atjjentresim 

units the total flux would be 4vm djraoa. 

* Omit for first reading. 



Fig. 79. 
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49. Permeability. 

• One of the most interesting facts observed in this Shapter is 
jbhe increase of intensity of the magnetic field caused by the 
insertion of an iron core inffo a solenoid or other c undent-bearing 
coil [§ 40]. 

We can compare the intensities of magnetic fields by a mag- 
netometer, remembering that 

/'’octant [§ 

Suppose that the intensity is found to be (say) 5 lines of force 
per sq. cm. before the iron is inserted in the coil, and^say) 10,000 
after insertion ; it is evident that iron is more permeable to lines 
of force than air is in the proportion of i.«. 2000 times more 

permeable, or, in other words, the permeahility of iron is 2000 
times greater than that of air, when the intensity of the field of 
* magnetization is 5. ' 

intensity of field after insertion of iron 

Ihis ratio — 1--: : tt-tt- 

original intensity ot magnetizing held 

measures the permeability of the iron. 
If the magnetizing field is of intensity H lines per sq. cm. in ait^ 
and after insertion of the iron there are B • „ „ iron, 

steel, etc. • 

and the Permeability is represented by p. 



For Exps. see § 50. 

50. Magnetization— Magnetizing^ Force— Hyztere- 
■is. 

Bzp. (i). To proTo that tho intanalty of tho flold duo to a ourrMit 
paaalng through a aoloaoid la proportional to th^atrongth of tho ourront. 

A solenoid (S, Fig. 80), made by winding No. 28 insulated copper wire 
closely round a glass tube' ie connected in series wiLh a 4-voU 

aoonmulator or two bichromate cells (£}, a carbon-oo^per-sulphate reeist- 

' Secure the ^ds «f the wire by india-rubber rings wound on both the 
glass and the wire. 
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aDce (JR) [§ 69], a commutator (C), and a tangent galvanometer (G). 
A magnetometer [M) is used to measure 
the intensity of the field. Then it will 
be found ^ 

Intensity of Field _ 


=-B 


Strength of Current 

tan L of deflection of Magnetometer 
tan z of deflectiop of Galvanometer 
• r=a constant. 

Take 3 or 4 sets of observations, vary- 
ing the resistance for each set. The 
mean of four deflection readings must 
be taken for each instrument — two at 
each end of the pointer and these re- 
peated after the current is reversed. 

Tabulate your observations and 
show that the above ratio is constant; 

also* draw a graph, plotting the corresponding values of the two sets of 



Bsrp. (li). To prove that the inteneity of the field dne to a eorrent 
paeiins through a solenoid ie proportional to the nnmber of tnms of 
|he ooil per unit of length along the solenoid. 

Prepare a second solenoid of exactly the same dimensions as the first 
[Exp. (i)] but use No. 2^wire. Iteplace the galvanometer with this second 
solenoid. Count the number of turns in each and divide by the corresponding 
length of each solenoid. Take deflection readings of the magnetometer, without 
altering the total resistance of th| circuit, for each solenoid in turn in the 
exact position (S) shown in Fig. 80. Enter your results as follows : 

Length of solenoid No. 1, 11 cms. No. 2, 11 cms. 


Solenoid 

Wire 

Turns (n) 
per cm. 

Deflec 

E. 

lions ff 

W. 

Jfean 

tan 0 

„ tan d 

Ratio 

n 

1. No. 22 

20 

12’6 

12 

13-6 
• 14 

13° 



'231 

i 

•0185 

2, No. 28 

41 

23-5 

26-e 

25° 

'466 

•0186 

• 


24 

. *« 


1 • 



^ In all these experiments care should be taken to place the solenoids as 
far as possible away from the' mai|netometer or galvanomefbr whiah it is not 
intend^ to affect. 
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Having shown that the magnetic intensity of a field is pro- 
portional to the current, we may use the same method fir showing 
the degree of magnetization induced in a piece of iron in relation 
*to the magnetizing force produced hy a current. We fhall obtain 
a measure of the former by the magnetometer and of the latter 
by the tangent giiivanometer. By placing a soft iron core within 
the solenoid [Exp. (i)] and by gradually increasing the current from 
zero to a suitable maximum, then diminishing the current gracfually 
until it Ixjcomcs zero, afterwards reversing^ it until a corre- 
sponding maximum is attained but with the current jpowing in an 



opposite direction, and finddly on diminishing the current to zero 
and ultimately increasing it to its first maximum, a series of two 
seta of observations will be taken from which we can plot a curve 
corresponding to Fig, 81. • 

r 

Sxp. (iii). To Invoatlsato the magnotisatloii (magnotio Indnotton) 
of iron and its relation to the current prodnelng the magnetfsing fteoe. 

An unmagnetized ^ rod or a bundle of wires made of G^ft iron about 40 cms. 

1 Den)tgnetirGihe*iron if necessary by (o^ hafomering or (&) passing suitable 
current through wire wrapped round one end: test with compass needle. 
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long is placed in a long solenoid the end of which is placed abont 20 cms. 
from the m^netometer needle (Fig. 80). The coil is connected in neries with 
a tangent galvanometer or ammeter through a commutator to the source o* 
current^ a suitable resistance being placed in the circuit [see Exp. (i)]. Pass 
a small current and note the readings of ihe tangent galvanometer and 
magnetometer. Increase the current gradually taking readings until a maxi- 
mum is reached (OP/I, Fig. 81). Then decrease the current gradually to zero 
(AQC, Fig. 81). Next reverse the current by the commutator and increase 
the current gradually, taking readings as before, to a maximum (Cli'A') and 
continue until the cycle is complete (A'C'JiA). Tabniato your results as 
follows: 


bo 

.S 

• 

'I’anoent Galvanometer 

Maoxktometku 

Corresponding 

'O 

Magnetizing Force cc 

Magnetic 

Induction 

l)osition on 

1 

current 

cc tan 5 

cc tan 0 

Curve, Fig. 81 

• 

d 

i tan 5 

0 

tan d 


1 

0' 


0° 

0 

0 

2 

3()" 

•72? 

13° 

•231 


3 

54*5° 

1-4 

24° 

•445 

P 

4 

62'^ 

1’88 

28-5° 

•543 


. 5 

73^ 

3*27 

35° 

•700 

.1 

• 6 

62" 

1-88 

33° 

•649 


7 

54*6'’ 

1-4 

32° 

•625 

Q 

8 

36° 

1727 

29° 

•554 


9 

0° 

0 

21° 

•984 

a 

10 

32° 

•625 

0° 

0 

li' 

11 

49° 

M5 

19° 

•344 


12 

68° 

1-6 

» 28° 

•532 


13 

62° 

1’88 

30-5° 

•585 


14 

73° 

3-27 

35° 

■700 

A' 

15 

51° 

1-24 

31° 

•601 


16 

31° 

•601 

19° , 

•344 


17 

0° 

0 

16-5° 

•296 

C' 

18 

15° 

•267 

0° 

0 

B 

19 

34° 

•675 

8" 

•141 


20 

63° 

1-33 

24° 

•445 


21 

65° 

2-16 

• 31° 

•601 


22 ' 

73° 1 

#3-27 

35° 

•700 

A 


Plot the curve corresponding t(f these observations. 


1 If the main supply is used vth an ammeter in cifcuilPa lamjiu’esistance 
[§ 60] is suitable. 
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It will be seen from readings Nos. 1-6 that the magnetizing 
force has been increasing to a maximum, with the nf^ximum of 
magnetic induction. At A the curve becomes almost horizontal 
showing that the iron is neatly mturated magnetical^. Readings 
Nos. 6 to 9 show a lessening of the magnetizing force until at 
No. 9 it becomes zero, nevertheless the magnetic induction lagB 
behind and is shown by a deflection of 21“ of the magnetometer. 
Reading No. 10 shows that the reversed magnetizing force has 
increased, but the nnl has only just become demagnetized — again 
a lagging behind of the magnetic induction. The student should 
note the rea<liiig8 Nos. 14, 17, 18 and 22, especially the corre- 
sponding bnt reversed points A* and vl, the completion of the 
cycle, and also the lagging at C and li. The Greek word voTcpiyori? 
means a lagging behind, hence this curve is called a hysteresis 
curve. ‘ 

61. Theory of Magnetism. 

A magnetic field always exists where electrons are in motioij. 
but not where electrons are at rest : it has therefore been suggested 
that in the atoms of iron, nickel and othej magnetic substances, 
electrons are revolving or moving in orbits. It is supposed that 
electrons by their motion produce stresses and strains in the 
surrounding ether which constitufe a magnetic field. On this 
hypothesis, each atom of (say) iron is itself a magnet possessing a 
N- and S-pole; when a piece of iron is placed in a magnetic field, 
these atomic magnets aligrf' themselves with opposite |»oles more 
or less facing each other until ultimately, as the magnetizing 
force increases, magnetic saturation occurs. 

When the magnetizing force ih removed, soft irony in which 
the atomic structui'e is supposed to be elnihtic, relapses into its 
former conditiop of indefinite arrangement of the atomsii^ but steel 
being more rigid retains its magnetism, until it i^ heated to bright 
redness, when tjjbe atomic structure is loosened under the vibration 
produceiTat the high temperature, 
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asp. (1). Cut a fine steel wire, previously magnetized, into small pieces. 
It will be fqpnd that each fragment however small still possesses N- and S- 
poles. 

B«p.(U).lA test-tube filled with steel filings is corked add placed in the 
magnetic field of a solenoid; on removing the magnetizing force the tube is 
still found to be magnetic ; if however the filings are tipped out of the tube, 
shaken and replaced, the tube no longer exhibits magnetic properties, 

although we must assume that each particle of steel is still a magnet. 

• 

Baep. (lii). Try whether a previously magnetized steel pen retains its 
magnetism after it has been strongly heated in the blow-pipe flame. 

• 

52 . CommutatorB are used for reversing the direction of 
the current without disturbing connection with the supply of 
electricity. 

(i) The commutator shown in Fig. 15 is the simplest 

type. Explain by a diagrp.m how it should connect a battery with 
a galvanometer so that tlie current in the latter is reversed. 

(ii) The commutator shown in Fig. 82 possesses four 

iJoles, sunk into an ebonite base and filled with mercury, at the 
corners of a square AB€D, Each hole is connected to a terminal 



Fig. 82. 


screw ; adjacent s^ews may be joined by inserting the insulated 
pairs of bent wires shown (dotted) in the ebonite sl^b on right 
pf the figure. 
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(iii) Buhmkorff’s Commutator (Fig. 83) is fitted with four 
terminals, one at each corner of an 
ebonite base: adjacent pairs are 
connected in turn by'rotating the 
handle through 180“. 

(iv) A “ tapping ” commutator 
of a simple type, which also may be 
' 'V 1 used for signalling in the ^orse 

code either on the direct or on 
the reversing-current jsystera [§ 42], 
is shown in Fig. 84. 'I'he student should construct one of these 
commutators and also try to design other forms. 




Fig. 84. 


The top two terminals are connected to the instrument, the lower two to 
the battery or line circuit. The tapping levers resk in contact with the middle 
bar, but this contact is broken by depressing either lever which is then con- 
nected to the lo4er bar with its terminal on the left-hand side.* 
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Questions on Chapter IV 

1. Describt^experiments to illiiBtrate the magnetic elTects due to {a) a 
ptraight current, (6) a circular current, (r) a current passing through a solenoid. 

2. State a rule for finding tlie direction in which a single magnetic pole 
would move round a wire carrying a current. 

A current is flowing along a wire between the two unmarked poles of a 
storage battery. What method would you adopt to find (a) the direction of 
the current, [b) the positive pole of the. battery ? 

3. Two currents, in parallel wires, pass through the points A and i? in a 
downward direction perpendicular to the plane of the paper. Draw a careful 
sketch showing the direction of the lines of force due to each current and 
state what conclusions you would form regarding the action of the currents 
upon each other. 

4. Equal currents flow along two straight insulated wires in the same 
plane,* and crossing at right angles at the point 0. Determine the direction 
of the magnetic force at four ]||oints liy C, 1) equidistant from 0 and each 
on a bisector of the angles between the wires. 

5. What do you understand by the term “ magnetic shell ”? 

^ Draw a careful sketch of a flat coil of wire carrying a current showing 
(a) the position of the magnetic poles produced by the current, (6) the direction 
in which the coil would tend to move if freely suspended in the Earth’s field. 

6. You are given a cigar box, a small compass rwedle and some insulated 
wire. Carefully describe how you would proceed to make a simple form of 
current detector. What further steps^ould you take to render your instrument 
suitable as a direct measurer of current? 

7. Moke a sketch of a Tangent Galvanometer and briefly describe its 

structure. ^ 

(а) Why is it necessary for the coil to be in the plane of the magnetic 
meridian ? 

(б) If the coil, when carrying a current, is considered as a magnet, what 
is the direction of tbe magnetic axiv? 

(c) ,^Why can a permaq^nt deflection of 90® never be obtained? 

(d) What is meant by the Bednetion Factor of the Galvanometer and on 
what featurib of the instrument do^s it depend ? 0. L. J. 4920. 

8. A Tangent Gabranometer is set up with the aluminium pointer in the 
plane of the coil. No deflection is^bserved when a cun%nt ie pass^ through 
the instrument. Why is this? 
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9. Hpw would you experimentally determine the Reduction Factor of a 

given Tangent Galvanometer ? ^ 

* Two batteries respectively give deflections of 10° and 20° when currents 
from them are passed separately through a given Tangentf^Galvanometer. 
What deflections will be recorded if the current from each battery is doubled? 

10. What are the currents in amperes from two cells which respectively 

give deflections of 13°, 2G° in a Tangent Galvanometer of 5 turns, radius of 
coil 10 oms., 1/='18? ^ j 

11. Deflne {a) the electro- magnetic unit of current, {b) the practical unit 
of current. 

The galvanometer in Q. 10 is fitted with coils of 5 tu^s and 50 turns 
respectively. It is used for currents which give deflections between 3° and 60°. 
Determine the greatest and least currents it will measure. Give their strengths 
in (a) R.M. units, (b) amperes. 

12. A current, passing through a Tangent Galvanometer, gives a deflection 
of 6° when a single turn coil is used. What deflection will be recorded when 
the current flows through a coil containing 50 turns ? 

18. A light flexible cable, of insulated wire, Connected to the mains, carries 
a current whoso direction and strength are required. How would you proceed 
to determine these values without stopping the current or scraping the wire? 

14. Describe with careful sketch an Astatic Galvanometer and explain'^its 
great sensitiveness as a detector of current. ^ 

15. Give a detailed description of («) a mirror galvanometer, (ft) a Miiti- 
tlvw moving-coil galvanometer. Which would you prefer to use and wby? 

16. What is meant by the aensltlTex^MS of a galvanometer ? How is the 
sensitiveness varied by the use of a controlling magnet? 

17. Define “intensity of magnetization,” “permeability.” 

Describe an experiment to /determine how the intensity of magnetization 
in iron varies with the magnetizing force. 

18. What do you understand by the term “hysteresis”? 

Draw typical hysteresis curves for (rtl soft iron, (ft) steel, stating the facts 
which may be deduced from the study of the curves. 

19. Draw a careful sketch of a simple form of commutator, explaining its 



CHAPTER V 

* 

INDUCED CURRENT 

53. Motion of a current-bearing wire in a magnetic 
field.* 

The student should refer to § 41 (a) and recall the converse of 
Ampere’s Rule whereby the direction of motion of a current-bearing 
wire free to move in a magnetic field of force may be remembered. 
A few eicperiments illustrate this rule. 

Bxp. (1). A strongly magnetized bar NS (Fig. 85) is fixed in a cork which 
fits tightly into a small copper vessel*. Mercury is poured into the vessel and 
partially supports a thick piece of wire which is hung by a thin copper wire from 
a wooden stand. The wire and the vessel are connected to the poles of a 



battery of 8 Bichromate Cells, so that the current passes up the wire which 
will now rotate round Ihe magnet in a counter-clockwise direction. Imagine 

* A copper calorixAeter serves the purpose. ^ 
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yourself swimming with the current up the wire with your back to the magnet 
looking in the direction of the lines of force : the wire is contioaally urged to 
*your left. Reverse the direction of the current and note that the wire moves 

round in the opposite direction. «• 

• 

Bxp. (11). Barlow’s Wheel. An eight rayed star (Fig. 86) cut out of metal 
is supported on a horizontal axis so that it can rotate with the ends of the 
rays ju8t*dipping into a mercury trough placed between the poles of a strong 
horse-shoe magnet. If current is now passed from the terminal + which is 
connected to the mercury by a wire the wheel rotates in a counter-cfockwise 
direction if the near pole of the magnet is a N-pole. 

*Bzp. (HI). Sleetrle>inotors. [See also § 100.] In Fig. 87 a coil of wire 
free to rotate about a horizontal axis and between the poles of a fixed magnet 
is shown, and arrows indicate the direction in which a current is passed 
through the coil. According to the converse of Amp6re’8 Rule referred to in 
Exp. (i), the coil will rotate until it is at right angles to the plane of the 
paper : by its momentum however it will rotate past this angle and will be 
brought back to rest after rotating 90^ unless the current in the poil is 
reversed every half revolution. This reversal of the current in the coil is 




effected by the “ split-ring” commutator shown on the right of Fig. 87 and 
described fully in § 95. The field magnets are wound in series with the 
coil and therefore actuated by*the current passed into the motor. Fig. 88 is 
a diagram of the lines of force round a conductor in a magnetic field. It 
shows the lines of force crowded together above the section of the wire and 
separating : this connotes repulsion (Fig. 35). The -i- sign indicates that the 
current is passing down the wire through the paper, hence the wire is urged 
in the direction of the lower arrow. [Converse of ^mpdre’s Rule, § 41 (a).] 

The consicH^ration oi the lines oi force around a curr’ent-bearing 
wire in a magnetic field and the consequent iLoving of the wire, 
% 

* Omit pntil after reading § 95, the Dynamo. 
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brings us by a natural sequence to the question of the forces 
between t^o conductors placed alongside of each other. Blach, 
possesses a magnetic field. 

(i) If the current is in the same direction in two parallel 

conductors the lines of force run into each other (Fig. 89 a) and 
consequently there is attraction (Fig. .‘U). 




; 




I 






' 


alli'iictiun rcjiulsioii 

, (a) Fig. 89. (6) 

(ii) But if the current in the two parallel conductors runs in 
opposite directions, the lines of force avoid each other (Fig. 36) 
indicating stresses in the ether which cause repulsion (Fig. 89 6). 
• Another method of regarding the force (i) of 
attraction {Fj) between two yaroJld currents in 
the same direction and#(ii) of repulsion {F^) if in 
opposite directions is to apply the conveifse of 
Ampere’s Rule in the light of Fig. 90. A, B and 
C are parallel current- 
bearing wires: the lines 
of force are shown for 
A which is considered 
fixed ; the reactions be- 
tween the wires are 
however mutual. 

Bacp* (iv). Boget'S 
JninplnS SplraL A spiral 
of insulated wire is wound * Fig. 90. 

loosely round an iroff rod 



m 


Fig. 91. 


which is clamped into a stand as ahown in Fig. 91. The spiral is fixed to a 
supporting terminal at the top ; the lower end^which is weighted, ends 
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in * piece of platinum wire which just touches a cup of mercury connected 
to the terminal T,. On passing a strong current through the spiral the 
^'parallel wires are attracted and the current is broken at the mercury, but 
contact is renewed immediately, by gravity, and the spiral CG|ptraots again. 

54. Indu ced Current. Conductor cutting magnetic 
linee of Force. 

In § 41 (If) it was shown that, by Ampere’s Rule extended and 
applied, by aid of Newton’s III Law\ to the case of a conductor 
moved across a magnetic field, wo could understand the production 
of an E.M.F. (and hence a current) in the conductor qnd determine 
its direction. Such a current is called an induced current. 

We shall find that although tliere are several ways of inducing 
a current in a wire, yet there is only one fundamental cause, 
viz. the changing of the magnetic field in tlte neighbourhood of the 
conductor. ' 
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Bxp. tbow that an aleetro motlTa fbrca (aud hence a current) ia 
produced in a conductor which le moved aeroaa the llnee of force of a 
magnetic field 

% 

m and S are the two poles (enlarged for**pnrpoge8 of the diagram) of a 
strong electro-magnet (F’ig. 92). JV is a wire with its ends in cirruit with a 
remote mirror galvanometer ((J) or a milliamtneter. The wire, is moved 
rapidly downwards in the direction of the arrow M. The magnetic lines of 
force are in the direction F, and the galvunonmter indicates that an induced 
current is produced in the direction of the arrow C. If (1) the polarity of 
the field magnets ia changed or (2) th(f wire i.s moved upwards, the direction 
of the current i| reversed. Apply the extension of Ainpere’s rule [g 41 (fc)] in 
order to predict the direction of the current, ou use riemlng’a &ight*band^ 
Buie: point the Pore-Plnger in the direction of the lines of I'orce of the 
Field (F), and the thumb in the direction of the motion (^1/) of the wire, 
then the Mcond finger held at right angles to the plane of the thumb and 
fore-finger points in the direction of the induced current. 

• 

65 . Current indueed by changing^ the field. 

Exp. (1), Try the effect of keeping the wire stationary between the poles, 
and then (1) suddenly produce a magnetic field (F) by switcliing on the 
current in the electro-magnet circuit; (2) break tlie current. The result 
reveals the fact tliat a current it produced In the wire ( W) only when the 
llnee offeree across the ^^Ve are changing, i.c. increasing or diminishing; 
the currents in the two cases are in opposite directi&ns. 

Induced currents in parallel wires. 

Exp. (li). llemove the electro-magnet and replace it by a wire stretched 
parallel and close to IV hut not touching it. Switch ou a strong current : the 
galvanometer gives a kick in one direction as b^ore [Kxp. (i)] and then returns 
to its first position. Break the current: the galvanometer kicks in the opposite 
direction and comes to re.st in its first position. Again the deduction is made 
that a current is induced in the wire IF when the maynetic lutes of force, 
caused by the current passed through the parallel wire, are changing. This 
exp, m^ be varied by (a) fringing the parallel current- bearing wire up to IT, 
and (6) removing it. 

■ • 

> This exp. is amj^ified in § 95, the Dynamo, under the heading Earth 
[nduotor.” • ^ 

* The writer’s advice to teachert of beginners is to leavr Flemifig’s Left- 
band Buie alone. • 


B.X. 
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56. Effect of Increasing or decreasing the pi^gnetio 
lines offeree through a colled wire. 

There are three simpje methods of creating aiv* increase or 
decrease of a mugnetic field within a coil : 

(a) bringing up to or removing a magnet (or an electro-magnet) 
from the fixed coil j 

(b) switching on or off the current of an electro-magnet placed 
opposite or within the fixed coil; 

(c) turning the coil so as to receive more or less magnetic lines 
of a fixed field. 

Before reading the descriptions of the following experiments 
the student should treat the above statements as problems and try 
to devisfi methods of demonstrating their truth for himself. He 
would thereby re discover Faraday’s great discoveries of tho^ears 
1830-32 abdut induced currents. 

Bsv. (I). To demonstrate (a) above. 

The arrangement is indicated in Fig. 93, where the N-pole of a bar magnet 
is brought rapidly up to a coil of (say) 100 turns of thin wire connected to‘'a 
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mirror galvanometer or a miaroammeter placed at a considerable distance 
away from the disturbing field of the moving magnet. 

Sobstitute an electro-magnet for the bar magnet. 

ObatrvatioM. (1) The current as indicated by the movement of the 
galvanometer is induced in the coil only when t^e number of lines of force 
entering or leaving the coil is changing. 

(2) The twoc induced carrents are in opposite directions. ^ 

(8) The direction of the lines of force caused l^y the induced current' 
oppoies the direiptioa of the lines of force of the magnet whioh causes induction. 
Apply JTbwton’s III Law, via. “To e^ry action there is an equal and 
contrary reaction.” ^ 
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>«».(«)« To demonstrate (6) above. 

Fig. 94 shows the arrangement. Two coils A and B, of about 100 turns 
each, are first placed opposite to each 
other, ^’s external diameter being, for 
experimental purposes only, less than 
B*b internal diameter. A the primazy 
coil is connected to a battery with a 
key K i{i the circuit. B the aoeondary 
coil is connected to a remote sensitive 
galvanometer G. 

OtNMzratiozu. (1) A current is induced in li in one direction when the 
circuit in A is completed or “made” at JT, and in the opposite direction when 
the current in A is “ broken.” It is during the “ making" and the ** breaking ” 
of the primary circuit that the lines of force are changing and the opposite 
currents are induced. 

(2) Carefully note the direction of winding of the two coils and the direction 
of curs^nt^ hence by Ampere’s Kule find the direction of the lines of force. 
It will be found that the induced current (secondary) creates a field opposing 
that of the primary circuit, [d^. Exp. (i) 3.] 

Bepeai the exp. with the coil A within the coil B. 

fixp. (ill). To demonstrate (c) above. 

* Place the coil B with its plane in the direction of the lines of force between 
the poles of a strong electro-magnet (Fig. 92). Hotate the coil about a vertical 
axis (I) through an angle 180° ; then (2) through another 180° until the 
coil has resumed its first position. There is an induced current in each half 
of a complete rotation but the two have opposite directions. Explain this 
firstly by the increase and decrease af the lines of force entering the coil ; 
and secondly by Ampere’s Rule extension or by Fleming's Right-hand Rule 
with reference to a conductor cutting through lines of force. [See Earth 
Inductor, § 96.] ^ 

Effect of introducing: Soft Iron into the Coils. 

Repeat the induction experiments, introducing a soft iron core 
or bundle of soft iron wires into the coils or solenoids used. 
Owing to the high perrr^ability of iron, the change in the number 
of lines of force is greatly increased by the introduction of the 
soft iron core with a consequent great increase in {he secondary 
currents induced onPboth “making” and “break^g” the primaiy 
circuit. This is especially noticfiable in Exp. (ii), lalt^* partf Vhere 
the coil A is placed within the coil B : in tlliB experiment it is 

7-2 



Fig. 94. 
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evident that the induction depends not only (i) on tl^ change in 
*thA number of linee of force but also (ii) on the rapidity with whi(^ 
* the change takes place. g- 

57. Laws of Induced Currents. 

It is well to bear in mind that the current in the secondary 
coil depends upon the resistance. A secondary coil of fine wire of 
many turns will furnish a very small current but at high pressure 
(E.M.F.). Hence in stating the laws of Induced Currents it is best 
to consider tlie k.m.p. rather than the current in the secondary coil. 

The induced k.m.f. in the secondary coil is projmrtional to: 
(i) the number of turns and (ii) the rate of change of the number 
of lines of force. 

Lenz’s Law. The direction of the induced current is such 
that it produces lines of force which oppose the lines of* force 
causing the induction. [This follows ftoin Newton's III Law.] 

58. The Induction Coil is an elaboration of the apparatus 
used in § 50, Exp. (ii), where one core (the primary) was placed 
inside another (the secondary). The primary coil (Fig. 95) is 




The Induction Coil 
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of thick w^re wound in (say) three layers round a core of soft 
iron wires. The secondary is fine insulated copper wire 
(No. 36) WQ^nd in layers and sections insulatetl from eacli other, 
and terminates in two adjustable knob.s between which the spark 
travels. The primary current from a batti‘ry passes from 1\ through 
tlio coil to the contact breaker^ a spring vibrating on the same 
principle as tlie liainmer of an electric bell, and tln'iico tlirough a 
commutator to the terminal wliieli is joined to the battery. 
A condenser [^91], consisting of layers of tin-foil separatiKl by 
paraffined paper, is inserted with one <»f its two sets of plates on 
eitlier side of the gap of the contact breaker. The condenser acts 
as a kind of reservoir into which the electrons forming the primary 
current flow when contact is “made” and in which they surge to and 
fro when contact is “ broken.” The inflowing process takes much 
long^ than the surging rush that follows the “break,” for when 
the current is “ broken, not only ceases to flow in its original 
direction from the battery, but actually flows back from tho con- 
denser in the opposite direction. 'J’he induced k.m.p. in the 
secondary varies with the rate at which tho current in the primary 
is changing [§ 57], and ^therefore, since the “make'' is relatively 
slow, the induced E.M.f. is smaller at th<5 “make” than at the 
“break”; in fact the .spark gap may be lengthened so that no 
spark jumps the gap at the “^ake,” but only at the “ break.” 
Tho current in the secondary acro.ss the gup is then in one direction 
only. The condenser also prevents excessive spai king at the contact 
breaker by acting as a sort of .sponge-like buffer for the reception 
of electrons as they surge backwards and forwards, filling and 
emptying the reservoir at the “make” and “break ” [§ 91].. 

59. Transformers arc modified induction coils. 

We shall learn later [§ 98] that high pressure alternating 
currents c;an be carried long distances more ecoifomically than 
low pressure ones.# Transfoimers are generally used at various 
places along the main cable to change the altematHhg mrrenhJrom a 
higher to a lower voltage. Such transformers ane called “ step-down ” 
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transformers, but a “step-up" transformer is used where the 
.reverse process is needed. If the core of an induction coil were 
bent into the form of a closed ring and an alternating current, 
a stream of electrons rushing or surging first in one direction and 
then in the opposite direction, were passed through the primary, 
a corresponding alternating current would be induced in the 
secondaiy with each change of direction of the magnetic lines of 
force through the ring. The E.M.P. in the two coils is in proportion to 
their ^•espective number of turns (n), i.e. 
Voltage In p rimary, ^ 

Voltage in secondary * 

Fig. 96 gives a diagrammatic view 
of a transformer : the coils however may 
extend round the whole core which is 
usually made of .thin plates (lam'inae) 
of soft ironmnd is either rectangular 
or circular. 



Fig. 96. Step-down trans- 
former 6/4. 


Questions on Chapter V 

1. Desoribe simple eeperiments and state rule's to illustrate (a) the motion 
of a magnetic pole round a wire carrying a current, (6) the motion of a 
current-bearing wire in a magnetic field^ 

2. A current passes down a wire perpendicular to the plane of the paper. 
How would this wire move under the influence of a magnetic field whose 
direction is parallel to the to^of the page from left to right? 

8. A wire, coiled round the edges of this page and pivoted about a vertical 
central line down the page, carries a current flowing in a clockwise direction. 
Olearly explain the motion whidi ensues under the influence of a magnetic 
field whose direction is from left to right parallel to the lines on this paper. 

4. An electric oar travels due E. with the dbrrent flowing downwards 
through the trolley pole. State (a) the direction in which a K-pole would 
tenfi to move round the trolley pole, (0) the direction in which the trolley 
pole would tend to move in the earth's field, (c) the direction of the current 
induced, ^u the tuolUy pole when the oar is travelling downhill with the main 
oumpt switched off. ^ 



103 


69 ] Qxmtiom V 

6. Describe the action of Barlow’s wheel, drawing a caretal sketch. If 
the battety^is removed and the circuit completed, what is the effect of 
mechanically rotating the wheel ? 

6. Two ffllt coils are placed parallel to one another with their faces close 
together. State what effects the coils will exert on one another when a 
current is passed (a) in the same direction, {h) in opposite directions round 
the coils. Illustrate with suitable diagrams. L. M. 1920. 

7. # A current from a battery flows along two horizontal parallel wires, 
the circuit being completed by a straight wire resting perpehdicularly across 
the parallel wires. State the direction»in which this wire would tend to move 
and explain by aid of a diagram. 

8. Describe some simple experiments which illustrate the production of 
induced currents and state clearly the laws giving (Vi) the direction of the 
induced current, (ft) the magnitude of the induced e.m.p. 

9. State Lena’s Law. A flat circular coil is connected to a* sensitive 
microammeter. A bar magnet, N*p<»le foremost, is (a) brought near the coil, 
(6) inserted into the coil, (c) slipped completely through and withdrawn. 
Describe the effect on the gakanometer during each •tage of the operation. 
How would the galvanometer be affected if the coil and the axis of the magnet 
are in the same plane ? 

• 10. Draw a clear sketch and explain the action of an induction coil, 

stating definitely the functions of (a) the contact breaker, {b) the soft iron 
core, (c) the secondary coH. Explain why there is not an alternating current 
in the spark gap between the terminals of the secondary coil. 

11, Explain the construction and action of a transformer. 



CHAPTER VI 

ELECTROLYTIC EFFECT OF THE ELECTRIC OJRRENT 

60 . Electrolytes and Electrolysis. 

So far our experionce has hcen for tlio most part with the 
passage of electricity through metah. We are familiar with the 
use of iron and copper wires for conveying current, and in our 
experiments with the voltaic celTwe were probably more impressed 
by the ettegt produced by joining the wires than by the equally 
important part that the 8olnlio7i in the cell plays in completing 
the circuit through which electrons travel. We noticed too that 
the energy of the cell was derived from the chemical change 
brought about by zinc dissolving in sulphuric acid solution^ accom- 
panied by the liberation of hydrogen from the copper plate. *^The 
fact that the circuit was completed thrdMgh the solution suggests 
that we should try to find What liquids conduct electricity 
and what are the accompanying conditions and results. 

(’onvcnlioiial *Ure< lion 



Fig. 97. A, BB, Burettes or test-tubes. CC, Section of cork. 

JSif, Electrolyte. K, Kathode. JUJiT, Glass tube holding mercury. 
WfV, Wires from^jattery. 
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Bzp. or Dtmonttratloii (i). 

Usitif? a battery of 4 aocumnlatora^ in serio*, with an ammoter register- 
ing to (say) 2 amperes in the circuit, and a ))iece of plattnam''^ foil attached 
to each end o/^the two leading wires, try the effect of dipping the platinum 
ends (Figs. 97 a and 6), which should not touch each other, into the following 
liquids : 

; Observations. Deductions. 

(a) petroleum (mineral oil) 

{b) distilled water 

(c) water + sulphuric acid (HgSOj) ^ 

(d) water -j- alkali (say NaOH) 

(e) copper sul^iate solution (CnS 04 aq.) 

(/) silver nitrate solution (AgNOj aq.) 

(flf) hydrochloric acid solution^ (HCl aq.) 

{h) common salt solution-’ (NaCl aq.) to 

which a few drops of phenolphthal- • 

l^ein have been added i 

The platinum ends leading to and from th» battery are called 

Electrodes. , 

The electrode connected to the — pole is called the kathode. 

anode. 

Summary of resl^lts. You will find that oils (a) and distilled 
imter (b) do not conduct electricity and th5re is no chemical re- 
action; but acids (c and g), alkalies {d) and salts (c,/and h) in 
solution are conductors and tRat chemical changes involving de- 
composition of the liquid accomjmny the passage of electricity. 
Note that hydrogen or a metal is liberated at the kathode. 

The process of decomposing a liquid by pjissing electricity 

through it is called electrolysis (lit. loosening by electrons). 

— 

^ Grove Cells or Chromic Acid Cells will serve the purpose. If current 
from the “main” [generally at 220 or 110 volts] is used, insert one or two 
82 o.p. carbon filaraeiit*lamp8 in parallel: these are useful to indicate 
whether cq^rent is flowing, and also to give the necessary resistance. 
Oantlon : do not switch on the cuvent until all is ready And do not touch 
tho wlrea, etc., whil^ current from the mains is passing. 

* If platinum electrodes are not obtainable, use oarboj^ rods (arc " pencils ”), 
see Figs. 101 and 100. 

* Use carbon anodes : Chlorine attacks Platimq^s. 
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Liquids which conduct electricity and at the same time undergo 
chemical decomposition are called electrolytei. * ' 

Dtmonttratloii (11). 

Using a battery of 4 (4-v(^t) aocamulators or the “main” supply [see 
note, p. 105], connect in series with the five electrolytic cells, shown in Fig. 98, 
viz. (1) dilute sulphuric acid, (2) copper sulphate, (8) silver nitrate, (4) 
hydrogen chloride, (0) sodium chloride (common salt). [The electrodes are 


ELECTROLVSia OF 



Fig. 98. 

platinum except the anodes of cells (4) and (5) which are gas-carbon because 
the gas chlorine liberated at these anodes attacks platinum: chlorine is 
soluble in water ; it is therefore necessary to saturate solutions (4) and (5) 
previously with chlorine gas.] ^ 

OlMtnrattons: (a) Equal volumes of Hydrogen are liberated at the 
kathodei of cells (1), (4) and (6) ; 

(6) the same volume of Chhrine (as of Hydrogen above) at the anodei of 
cells (4) and (5) ; 

(c) h^fjlhiB volume of Oxygen at the anodes of cells (1), (2) and (3) ; 

(d) the metals copper and silver respectively are deposited at the kathodes 

of cells (2) and (8). After some time metal ceases tp be deposited, the colour 
of the copper sulphate is perceptibly lighter and the current falls off but is 
renewed on addUion of more of the xqetallio salt, when me&l is 'again 
deposited ; ^ 

(s) the metal ^todfum is not deposited, at the kathode of cell (5) as we 
shodd ha^e expected by^ analogy with (2) and (3), because of a secondary 
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♦ reaction of Bodinm with water whereby the alkali sodium ‘ liydroxide is 
formed and iydrogen liberated [2Na + 2HOH==2NaOH + H 2 ]. 

Deduction!. 

The same current has passed through each cell for the fame 
time. Equal volumes of Hydrogen (density 1) and Chlorine 
(density 36*5) were liberated and half the volume of Oxygen 
(density 16). Therefore the weights of these gases liberated by 
the same current are in the proportion of 1 : 35 ’5 : 8, which corre- 
sponds to their chemical equivalent weights. 

If, before^nd after the Exp., we had weighed the two kathodes 
(2) and (3) on which copper and silver were deposited w’e should 
have found an increase of weight corresponding to their chemical 
equivalents, viz. 31*5 and 108 times respectively the weight of 
hydrogen liberated. • 

^1. Faraday^! Lawg of ElectrolyBis. 

I. T}yi amount of cliemical reaction in a circuit is the lame 
at all points. 

II. The weight of substance liberated at an electrode is pro- 
portional to the strength of the current and the time during 
which U flows {i.e. proportional to the quantity of electricity), 

III. If the same quantity of electricity passes through a 
series of electrolytes^ the weights of the substances liberated are 

proportional to their equivalent weights. 

Combining Laws II and III, viz. that the weight of a sub- 
stance liberated is proportional to ihe quantity of electricity 
passed and selecting the unit quantity in each case, we introduce 
a new term, the electro-chemical equivalent, toim^pate for 
each substance the weight,liberated by unit quantity of 
electricity. » 

^ rele^Mttnc Paper. The presence of the alkali may be shown by the 
addition ox pbenolphthallein to %n electrolyzed salt solation : the solution 
toms reddith-pink. Pole- testing paper is made by drying filter paper pre- 
viously soaked in a solution of salt and phenolpfatbaUein. Use : moisten dm 
paper and touch it with the two terminals from tfie katt^ **inain'’ 
wires : a red stain appears at the aegatlv# pole j^here alkali is formed. 
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The unit quantity of electricity, in practical uijits, is an 
ampere per second and is called a coulomb. The electro- 
^ chemical equivalent (e) of an element will therefore lyi expressed 
in grams per coulomb, i.e. the weight of each particular 
element liberated by one ampere in a second. 

Le. W^tCt 

where W = weight in grams of the element deposited, * 
e ■ the electro-chemical equivalent of the element, 

C ~ current in amp6re.s, 
t ~ time in seconds. 

Further, if 

®hv(iroif*'n “ '0000104 gram per ampere per sec. 
then €ft„y '0000104 x element’s chonical equivalent, 

- (^000104 X 31'5 •0003'29. 

Wr - '0000104 X 108 -'OOinS. 

Bzp. (1). To Snd the eleotro-chemieal equivalent of copper. (Galvano- 
meter method.) 



Bemember W^%Ct. Set up a circuit (Fig. 99) ooneisfiDg of two acoumu- 
lators (or l^^iohroi'at^ Cells or 4 Daniell’s Culls), a tangent galvanometer (G) 
(or accurate ammeter registering to 1 or 2 amperes) and an electrolytic cell 
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of cooper plates in a solution of copper sulphate ^ A watch recording 
ncond$ ii needed. The copper plates of the electrolytic cell are carefully 
cleaned by dipping in dilute nitric acid and afterwards scrubbing them in 
pure water. % preliminary trial without weighing the plates should be made, t 
passing current in each direction in order to hbtain a good deposit of copper 
on the electrodes. The kathode is then removed, washed in (1) distilled water 
and (2) alcohol and afterwards dried in hot air'-*. 

The kathode is then weighed : 

• 77*042 grama (1). 

The kathode is then placed between the two plates AA which form the anode 
and the circuit is completed. lleading*8 are taken every minute at both ends 
of the galvanoftieter pointer and the mean of the 30 rea<ling8 at the end of 
15 minutes (900 aecs.) calculated. Mean deflection 0 = 31°. The kathode is 
then removed, washed with (1) water, (2) alcohol, dried and weighed as 
before : 

77*98 grams ^ (2). 

Weight of Copper deposited (2) - (1) *038 gram. 

Reduction factor of galvanometer [§ 45J = 0-209. 

Current in ampei^s = *209 x tan 31°= ->09 x -COl 

= 0*1266 amp. 

0-1256 ampere in 900 secs, liberates -038 gram of copper. 

-038 

.-. 1 ampere in 1 sec. liberates (jQQ 

, = >00033 gram of copper (approx.). 

.-. the eleetro-chemilal equiralent of coppep is *00033. 

Bxp. (11). To And the chemical equivalent of copper and hence the 
electrO'Chemical equivalent of hydrogen. (Voltameter method.) 

Substitute an electrolytic cell of dilute sulphuric acid with platinum 
electrodes for the galvanometer, and also increase the voltage of the battery to 
6 or 8 volts*. Collect and measure the hydrogen evolved ( Tc.c.) at the kathode 
of the acid cell (Fig. 100) [note the temperature (t) and the pressure (p)*]. 
Weigh the copper deposited (IVcu) on the kathode of the CuSO^cellasinExp. (i). 
Assuming, for approximate results, that Ic.c, of Hyd. weighs^QQQj^ gramS 
we obtain the weight of Hyd. (if^Hyd) evolved = -000085 x V . Then, since 

^ The anode dissolve, but copper depoaitt on the kathode ; the strength of 
the CuSO^Siilution remains constant. 

* Some distance above the Buysen flame. • 

* If the “main ^supply is used put two 32 c.p. carbon filament lamps in 

parallel into the circuit. , „ ^ u- u 

* For accurate results, correct the Vol. observed ft) f^at which 

1 o.c. of hydrogen weighs -00009 gram. 
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W'ou grams of Copper and grams of Hydrogen were liberate^ by the same 

eurrent, and the Chemical Equivalent of Hydrogen =1, 

W 

' Equivalent of Copper=:31'6 appr’ox. 

Assuming the result of Exp*, (i), then 

Electro-chemical Equivalent Hydrogen 
Electro-chemical Equivalent Copper 

- ^uivalent Hydrogen 

Cliemical Equivalent Copper 
_ Electro-jchemical Equivalent Hydrogen 1 
.. -00033 

SlectrO'Cliemleal Sqaivalent Hydrogen 

•00033 X 1 
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Voltameters. 


. 100. LLf Lamp-glass. 

' »rk. KA 


An electrolytic cell used for the 
7neasurement of\iim'ent is called a Volta- 
meter; e.g. a copper voltameter and a 
hydrogen voltameter in the last ex- 
periment. If we know tho electro-chemical 
equivalent (e) of the element liberated, its 
L weight (W), and the ti?ne (t sec.) during 
which the current passes through the 
voltameter,’ we obtain the current in 
ampbres by applying the formula 

Sf 

We can therefore apply the V oltameter 
method for : 

(a) measuring current^ 

(b) finding the reduction factor of a 


Perforate corJ 
Kathode and Anode of Car- 
bon (arc-pencils). i/,2 vols. . , , , 

Hydrogen. 0,lvol."Oxygen. tangent galvanometer, and 

SleotrolyBis of dil. H,S 04 . standardizing anSimmeter. 

- The sto^ent sheuld* oheok his results of § 45 or of Experiments where an 
ammeter was used by the yoltameter method. 
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TABLE Ol'^LEOTRO-CHEMICAL AND CHEMICAL EQUIVALENTS. 


— ^ — i; 

Element 

Atomic 

Weight 

Valency 

CRemical 

Equivalent 

Electro-chemical 
Equivalents grams 
per ampere per sec. 

K. Hydrogen 

1 

1 

1 

0-0000104 

Sodium 

23 

1 

23 

0-0002384 

Copper (divalent) 

63 

2 • 

31-5 

0-00(13295 

Zinc 

65 

2 

32-6 

0-0003387 

Silver • 

108 

1 

108 

0-0011183 

Lead 

207 

2 

103-6 

0-0010728 

A. Oxygen 

16 

2 

8 

0-0000829 

Chlorine 

35-5 

1 I 

36-6 

0-0003675 


Definition of the Ampere on the basis of electrolysis. 
An ampere is tlie practipal unit of current *w Inch flowing for 

1 second liberates 0-0011183 gram of silver. An ampere = 
electro-magnetic unit of current. 

62. Electrolysis applied commercially. 

(1) Electroplating*mnd ehetrotyping . ^ 

Electroplate of vanous kinds, especially jewellery, ornaments 
and table utensils, is familiar^ to everyone. Gold, silver, copper, 
nickel and several other metals are deposited electrolytically from 
a suitable solution. Gold and silver are dissolved as the double 
cyanide of the metal and potassium. ^ 

Add potasBium cyanide very gradually to a solution of silver 
nitrate until the first precipitate of silver cyanide is just dissoW^. ^he 
solution of silver potassium oyanidg is a suitable “ bath ” for^HPoe^sition 
of silver on (say) a copper candlestick or a britaunia metal spoon. The latter, 
previously cleaned by scaring with sand and soda, is washed and placed in 
the “ bath^ as the kathode ; a small piece of sheet silver as anode replenishes 
the solution by dissolving at the Aume rate that silver is depositing on the 
article to be plated (Bf. Exp. § 61]. A moderate but steady current at from 

2 to 4 volts pressure is passed until a sufficient tIKclvess of plating is 
deposited when the article may be removed, dried pnd polished. 
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Electrotyping is a process for reproducing type, ^eals, coins, 
cameos, etc. The method is as follows : * 

(а) obtain an irnpreRS of the object in wax or plaster; f. 

(б) render the inside surj^ce of the impression conducting by dusting 
with graphite^ or powdered bronze ; 

(c) make a copper shell of the impression by depositing copper electro- 
lytioally in a “ batli ” of copper sulphate ; 

(d) remove the wax and strengthen the shell, which acts as a moald, by 
pouring in melted type metal or other fusible alloy. 

(2) Purifying smelled copper by dissolving the ingots, which 
are used as anodes^ in the electrolytic bath of capper sulphate 
solution, and depositing the pure copper on suitably shaped 
copper kathodes. 

(3) Electrolysis at high temperatures: e.g. extraction of 
alumMum from alumina and the fused double chloride of alu- 
minium and sod ium using carbon electrodes. When the electrolyte 
is once fused the Heat is maintained by the passage of electricity. 

63. Elementary Theory of Electrolysis. 

There are retvsons for supposing that electrolytes dissociate in 
dilute solutions into their constituent ions 16], called respec- 
tively kalions or anions^ as they travel towards the kathode or the 
amode^ charged, witll electrons in defect, positively on the one 
hand or, with electrons in excess, negatively on the other. 

Faraday in 1833 suggested that chemically equivalent atoms 
carried equal charges of electricity. This we can express by 
equations such as the following : 

+ Ion or - Ion or 


Kation 

Anion 

H,S 04 

so.t: 

KCl 5 =!^ K-* 

C 1 +* 

CuSO* 52: Cu’’ 

S 04 : 


^ The oonduetlng surface is improved by washing it with copper sulphate 
and afterwards sno-inkliDg with finely divided iron, which, by (usplacement, 
covers the Surface with a layer of copper. 
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where - 1 represents an electron in defect 

and • * + « „ „ excess. 

We hayp learnt in § 14 that in a battery of voltaic cells, 
electrons accumulate on the zinc plaie and at the pole: 
correspondingly there is a defect of electrons at the + pole. If 
two carbon electrodes in a solution of common snJt^ .sodium chloride, 
are jtjined to the two poles of a battery (Fig. 101), the accumula- 
tion of electrons on the zinc plate is carried inUi the solution 
at the kathode (A’) and a defect of electrons appears at the 
anode (^4). Smce however “unlike charges attract each other,” 



the - charged chlorions, C/+*, migratg tciwards the charged 
anode where they lose their charge by neutralization (+€-€) and 
are liberated in pairs as chlorine molecules. Similarly thejwj^ww- 
ions, + charged, migrate towards the cliarged 

kathode where they lo.se their charge by the addition of an 
electron per ion, and would be dept)8ited as molecules of sodium, 
if they did not immediately ^react chemically with the water 
forming a solutioi^of sodium hydroxide with the liberation of 
hydrogen 

2Na + 2HOH = 2NaOH-h;i,. 

B. B. 


8 
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The energy of the battery is therefore used in liberating electrons, 
which in turn overcome the resistance of the circuit whicli includes 
the electrolytic cell where the two sets of ions are caused to 
migrate in opposite directdoiis. 

64. Back E.M.F. (The principle of the accumu- 
lator.) 

The student should revise § 17 where the subject of “back E.M.F.’‘’in the 
voltaic cell is first mentioned. 

• 

Bzp. (1). Show that the e.m.f. of a single Daniell’s cell is not sufficient 
to electrolyze dilute sulphuric acid. Connect the platintfm electrodes of 
Fig. 97a to a Danieli’s cell: a few bubbles appear at the electrodes but 
current soon falls to zero. Two or three cells in series are found to be 
sufficient for electrolysis. 

Shoiv that there is a back e.m.f. from the electrodes by quickly switching 
them in circuit with a sensitive galvanometer— «.//. the mirror galvanometer 
of § 44 : the current^ia found to be in the opposite direction to the battery 
current. The separated oxygen and hydrogel condensed on the anode and 
kathode respectively produce for a time an opposing potential difference 
until recombination can take^ place by transference of electrons that have 
accumulated. 

Bxp. (11). Itepeat Exp. (i) substituting strips of lead' as electrodes. 
Continue electrolysis for ten minutes : then shoviby connecting the electrodes 
to a galvanometer that the back e.m.f. is more sustained than in Exp. (i). 

Accumulators or Storage Cells or Secondary Cells. 

Plants in 1860 showed that a secondary cell could be built up, by charging 
in alternating directions, and discharging, the lead electrodes of the last 
experiment, which retained its charge and could sustain an electromotive 
force of about 2 volts through a high resistance fur some considerable time. 
An indication of the reactions of charging and discharging the plates is given 
by the*mtOwing equations : 

At the anode (1) Pb + O2 Fb62 . 

At the kathode (2) Pb +a;H condensed or occluded hydrogen on lead. 

' Spongy lead, obtained by patting ^hin strips of pure zinc in a solution 
of acetate of lead, makes the best electrodes for this ^periment. 

‘ A^g^vanogcope, § 42, or even an electric bell may be used to show the 
back b.£f. if large lead plates are used as electrodes. 
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Fanr^ in 1880 discovered that a much more efficient secondary cell was 
rapidly bq^tup by using lead plates pitted with holes filled with a paste of 
(1) red lead (PbsO^) mixed w ith strong sulphuric acid for the wModc ( + ’•) 
and (2) (PbO) and sulphuric acid for the kathode ( - '••). The reactions 

approximate to the following equations : 

(1) Pb304 + 20=3Pb02 on first charging. 

Pb02 + H2S04^PbS04 + H20 + 0. [Anode.] 

• (2) PbO + 2H 52: Pb + H^O. [Kathode.] 

The plates of the modem accnmulator [e.m.k. = 21 volts] are made of 
lead in the form of an open grid, the spaces being filled with a compressed 
paste of red lead and sulphuric acid. The process of charging oxidizes the 
positive plate to lead peroxide (Pb02) and reduces the negative plate to spongy 
lead. During discharge lead sulphate (PbS04) is formed so that the solution 
loses sulphuric acid and becomes less dense (118 approx.), but on charging 
its density increases (1*210 approx.). The voltage may range from 2*3 to 
2 volts but should not be allowed to fall below 2 volts without recharging. ^ 
The Iccumulator gives best results if kept in constant use, but care should be 
taken to avoid any sudden fall of potential by short-ciicuiting. 


Questions on Ch4Ptek VI 

1, Carefully state and explain Faraday’s “Lajrs of Electrolysis " and 
describe any experiments you would make to illustrate the truth of these 
laws. 

2. Write a careful account of wliat takes place when an electric current 
is passed through an acidulated solution of water. Why is this operation 
often termed the “ electrolysis of water ” ? 

8. Two carbon rods are placed separately in test-tubes containing a 
solution of common salt (NaCl) to which a few drops of litmus have been 
added. The tubes are united by a wet strip of blotting paper^^^yggifHi^ fcr 
the changes which take place when»a current is passed through the tubes 
using the rods as electrodes. 

4. Define the terms “electrolyte,” “electro-chemical equivalent.” State 
exactly wha^ is meant by the statement that the elcctro-chimical equivalent 
of hydrogen is -OGOOISSS and calculate the amount of copper deposited from 
copper sulphate solution by a current of 3 amperes in half m hour.^ 

(Chemical equivalent of coppef=81‘0.) 

• 8-2 
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6. Describe an experiment to determine the eleotro-ohemioal equivalent 
of hydrogen with full details of the precautions necessary td' fbtain an 
accurate answer. What is meant by “back e. m.f.” and how does the back 
E.M.P. influence the success of this experiment ? i* 

6. What is a “voltameter**? Describe its use and advantages as an 
accurate current measurer, giving full experimental details. 

7. Describe how you would carry out experiments with a copper sulphate 
voltameter to show that the ([uautity of copper deposited in a given time is 

(а) directly proportional to the strength of the current, 

(б) independent of the size of the electrodes and the strength of the 

solution. 0. L. J. 1920. ^ 

8. Calculate the current used in the following experiment with a copper 
voltameter. 

Weight of kathode before experiment =20 *10 grams. 

,, ,, after ,, =21*284 grams. 

Time of experiment = i hour, e.o.k. of copper = *000329. 

c 

9. Calculate the Reduction Factor of a Tangent Galvanometer from the 

following data : * 

Weight of kathode before experiment = 18 grams. 

,, „ after „ =18*396 grams. 

Time of experiment = 20 mins. Deflection of galvanometer = 30®. 

E.c.B. of copper= *000329. 

10. Give a detailed account of the “ Theory cf Electrolysis.’* 

A copper voltameter containing copper sulphate solution and copper 
electrodes and a silver voltameter containing silver nitrate and silver elec- 
trodes are connected in series and a curreht is passed through them. Describe 
what takes place in each vessel and give the relative proportions of copper 
and silver set free by the current. (The at. wts. of copper and silver may be 
taken as 63 and 108 respectively.) Lond. Univ. 1920. 

11. A current is passed for 22 minutes through a silver voltameter in 
seri eji with a tangent galvanometer of 10 turns, and radius 10 cms. The 
d^eotionor*iiie galvanometer needle is 45° and *423 gm. of silver is de- 
posited. What value does this give for the e.c.k. of silver? (H=*18, t= V*) 

12. Describe the process known as “electroplating.” It is desired to 
plate with silver a metal spoon. Would it be sufficient to plaCo tlie spoon 
anywhere in a solution of a silver salt through which ^current is passing? 

18. Describe ^e construction of a modern storage battery or accumulator. 
What ohaiges occur during the process of charging and discharging the cell? 



CHAPTER YII 


APPLICATIONS OF OHM’S LAW. ELECTROMOTIVE FORCE. 

, RESISTANCE 

65 . TheStudentshouldcarefully revise §§1 1-13. Theanalogy 
that was drawn between (1) a current of water and the electron- 
flow, (2) ihii' 2 )rcs 8 ure of water in a pipe and the electromotive 
force which forces electrons through a conductor, and (3) the 
resistance of the channel to the passage of water and the 
resistance in a wire to the electron-flow, was followed by the 
consideration of the relationship l^ctween these fundamental, 
quantities as embodied in Ohm’s Law: the current in a 
circuit varies directly as the electromotive force and 
inversely as the resistance of the circuit. 



66. The Voltmeter is a galvanometer for measuring differ- 
ence of electric pressure or potential. It is absolutely necessary for 
the student to distinguish between a voltmeter and an ammeter. 
The ampere-meter measures current : it is placed either directly in 




Fig. 102 a. AmoMtor in the Fig. 102 b. VeftmsUr h|B«io 
main circuit or as a definite high a resistance that main 
part of the main circuit. current is practically unaltered. 
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the circuit, i.e. in series with the battery in which cas^ its resist- 
mce to the flow of electricity should be exceedingly srmllf or^ as 
a shunt, allowing a definite fraction of the current to p^'.ss through 
s»y. 15 *>r ^ J 5 etc. (Fig. 102 a.) 

A voltmeter on the other hand should be of such high resisl- 
ance that very little current flows through it and the effect of 
placing it in parallel in the circuit is negligible (Fig. 1G2 b). 
A tangent galvanometer [§ 45] consisting of a coil of very 6ne 
wire with many turns may lie used as a Voltmeter; or again a 
mici'o-ammeter of the moving-coil type 46], furnished with a 
high resistance, makes a useful voltmeter. 

Exp. (1). To compare the E.M.F.^b of two or more 
cells. * 

The high resistance coil of a tangent galvanometer ma^ be 
used for comparing the b.m.p.’8 (A’, , etc.) of two or more cells by 
placing the galvanometer and cell in series with a commutator. 
The mean of four readings must taken, 2 for each direction of 
the current through the galvanometer, in order to obtain the true 
angle of deflection 6.^ etc.). The resistap^ce of the coil is so great 
compared to the resi&tance of the cell that the total resistance {R) 
of the circuit remains approximately constant. Then by Ohm's 
Taw : I 

- /? X Cj = X A tan 0,, 

R-^k tan 
* E^ _ tan 6^ 

‘ * E^ t»in 

Bzp. (il). Flaoo (I) a DanUlVt Cell, (2) a LeclancM Cell, (B) an accumu- 
latar in series with the high resistance coil of the tangent Galvanometer [§ 45] 
of (sajr) 200 turns or the corresponding coil of the* galvanoscope [§ 48]. Note 
the deflection in^ach casv.. Assuming the e.u.f. of the cells to bt respectively 

(1) 1’07, (2) 1*4, (3)2*1 volts, draw a curve for eachainstrument 

Utf ihe*«)i;rve fdl finding the x.h.f. of (a) a voltaic cell, (b) 2 Daniell*a^lhf 
in series, (c) a Daniell 03ll and a Leclanch4 cell in aeries. 
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Baq^ (Hi). Referring to the grouping of cells, p. 23, devise an experiment 
to show tlunhe B.aK.F. of a battery of (n) oolla axransod in msIm la aqoal 
to tha Bum^f tbe B.M.r.’a of all tha ealla, {h) calla arrangad In paraUal 
la tba liigliaLt B.Mhr. of tha aet. 

Bicp. (It). To maaaura tha potantlal dlffaranca batwaan two pointa 
(say tJie terminals of a cell) and to ahow that tha potantlal dlffaranoa falla 
off aa tha currant batwaan tha pointa ia increaaad by lowarlng tha 
Intarvaning raoiatanea. 

' A^iigh resistance tangent galvanometer or a voltmeter is coniiecteil between 
the terminals A and Ji of a Daniell cell (Fig. 103), (o) when no other wire con- 
nects the terminals, {b) when a resistance of 50 ohms (a length of approx. 
5 ft. of No. 40 rtorman silver wire on a reel), (e) when a resistance of 10 ohms 



Fig. 103. 

(approx. 10 ft. of No. 30 German silver wire) connects A and R. Read the 
voltage direct if a voltmeter ia used, or tan. L of deflection if the higli resist- 
ance tangent galvanometer is used. Record your results, and note the analogy 
of the falling off in water-pressure where one pipe supplies two or more taps 
when first one tap and secondly two taps are turned on. 

*Bxp. (▼). To adjuat a milliainmetar for uae aa Toltmetar. 

Place the milliammoter [§ 48] in scries with a lesistance box of (say) 
1000 ohms and a Danicll’s cell (1*07 volts) : adjust the resistance so that the 
deflection is 10-7 scale divisions corresponding to tlio e.m.k. of the Danieira 
cell. Confirm the adjustment by replacing the DanieU’s by a Clark's Standard 
cell (1*43 volts) : the deflection should be 14 ’3 divisions, 

67. Fall of potential Along a wire. [Cf. ^ 11.] 

AB is a uniform l^ire (No. 32 German 8ilver‘) of high resist- 
ance stre^hed over a metre scale between two .binding screws 
A and B (Fig. 10|). A steady current is maintained in AB from 

* Omit for fiwt reading. • a * , 

1 Resistance (approx.) s 3 ohms per foot. See Appendix Til. 
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a battery (Z) of (say) 3 Daniell’a Cells when the plug K '^% inserted. 
The potential difference between A and B is approx. 3*2* volt8. 



To show that there Is a constant fall of potential 
along a uniform wire carrying a steady current. 

Szp.'i. Connect the two terminals of the hi^h resistance coil of the 
• tangent galvanometer. G, hy pressing tl»e connecting wires to atjy two points 
A' and P on the wire«‘l/{ so that there is a convenient deflection (say 12®) 
which indicates a certain potential difference I etween A’ and P. Measure the 
distnnre XP by taking readings on the metro scale. Repeat several times 
alleiing the position of A' on the scale and obtaining ihe same deflection fot 
a new position of P. Tue distance XP should remain constant. 

Szp. 11. Connecting X to the binding screw A (Fig. 105), vary the 
position of Y along the scale, and take readingstof (1) the deflection of the 



galvanometer needle for (?) each position of P. The tangent of 4he angle of 
deflection (d), which is proportional to the current, may be taken to be pro- 
portions! to the potential ditlerenoe between A and P. ‘‘it is found that : 

' tand 

--i-='S»a constant. 


67 - 68 ] 


Potentiometer 
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Plot the^urve 


potpntial ilifference 
diiituiice aiuug wire 


with aV and ah as axes. 


If we as^me the wire to be of uniform thickness and its renistanco pro* 
portional to As length and that a steady current was muiutained then the < 
aboye equation is equivalent to 


Potential Diflference 

= constant, 

Itesisiauce 


whieff is a confirmation of Ohm’s Law 


E 

11 


= C. 


68. Potentiometer method of finding E.M.F. 

The long thin uniform wire inountetl on a seale the use of 
which has just been descrik'd 67] is eallefl a Potentiometer. 
For convenience the wire is often zig-zagged symmetrically across 
a board. The essentials are that the irim shall be fai/ly long 
(2 metres), of hi(/h but uniform resintanra and that distanceii along 
the wire may bo readily measured, 

Bzp. To compare the E.BK.F.’e and of two cells. 

• The - pole of a 4 volt accumulator is connected to A and the pole 
to B of the potentiometer wire AB (Fig. 106). A steady electron-flow is 
maintained in the direction AB, and there is a uniform fall of potential from 



Fig. 100. 


A to B. The - poles of the two cell* /?, , E.^ whose k.m.f.’s are to be compared 
are connected to A, and Hieir poles, through a 3-way switch, are joined 
to a hensiti^ galvanoscope (G) and thence to the point P which is moved 
along the wire. • * 

Seeing that the iftgative poles of the cells are joined to A, the electron- 
flow from the main circuit opposes that of the lowe^ga^aiiosgppe circuit 
and tends to stop the current or force it in the opposite direction. 
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If the difference of potential between A and B is greater than the e.m.f. 
of each of the two cells there will be a point Pi (sa/j lomewhere 

along the wire such that, when E^ is connected with it tl^^ugb G the 
opposing electron-flows will produce equal and opposite pressures at A and 
the current due to Ei in the lower circuit will be reduced to zero, i.e. there 
will be no deflection of G when P is connected to the potentiometer wire at 
Pj. Similarly when £2 placed in the lower circuit, no current will pass 
through 0 when P is placed at Pj (say). ^ 

Then the fall of potential from A to Pi = the e.m.f. E^ 
and ' „ „ „ A ^o p2= „ ,, £3 

and since the fall of potential is constant per unit length along AB 

AI\~E^ 

69. Resistance. 

In 6nr enquiry into the relationship of hydrostatic pressure (P) 

• and current (C), we deduced the constant ratio that exists beti^een 
the two when the Conditions are constant, and we found that this 
P 

ratio of 7; was a measure of the resistance of the circuit. This was 

C • 

the form in which Ohm originally stated his law, in 1826 , when 
he first investigated the conditions of length, section, temperature 
and potential on wlvch depend the powfcr of a wire to conduct 
electricity. If these physical conditions are not changed then the 
ratio E.M.F./current is constant for any circuit and is called 
the Resistance of the circuit. 

Then , ®=R. 

Resistance is measured in units called Ohms. 

' In ififf^qualion = P, if P is required in Ohms, E must be 

expressed in volts and C in ampdres, thus 

Vottslavp-phes - Ohms or Volts = amphrss x Ohms. 

The practical definition of an Ohm is the reliance of a column 
of tiaercuTy of ^ sq. mm. cross-section and 106-3 cms. in length ai: 
O’O. 



Remtame 
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This of mercury weighs 14*4521 grams. 

N.B. Por relationship between Absolute (c.g.s.) units and 
Practical see § 79. 


Bsp. (i). To ahow that for a glron wlr4 the ratio 
B 

•-=a eoiiitant=the reeietanee of the wire. 

O 

A^il(S) of insulated o.s. wire (say 12yard8 of No. 32 of 
approx. 30 ohniR resistance) is put in circuit with an am- 
meter and oneDanielPs or accumulator cell (/j) [Fi^^. 107]. 

The F.D. between the ends PQ of the coil S is ‘ 
taken by the v oltmeter V = t) volts and the current 
is measured by the ammeter A = (J amperes. Two, three 
and four cells in serien are placed in the circuit. It will 

be found that the ratio remains approx. 

C ampires ^07 

oonatant, the result being given in ohms resistance. 

Bxp. (11). To find the resistance of an incandescent lamp by* 
roltmeter and ammeter. 

Having established the above ratio as a measure of the resistance, place 
9 suitable voltmeter registering up to 250 volts across the mains terminals. 

(Caution. If the voltmeter or ammeter has a -i- sign opposite one 
terminal, take care to connect this to the positive terminal of the main 
supply or of the battery used.) 

Actual reading, 220 rolto. Place an ammeter in circuit with a 32 candle- 
power Ediswan carbon filament lamp (replacing S in Fig. 107) and the mains 
(replacing the battery Ji in Fig. 107^ Actual reading of ammeter, 0’45 amp. 
rssistancs of one 32 c.p. carbon filament lamp 



Bspsat with 


220 volts 
0*45 amp. 


= 488 ohms (approx.). 

0 


(а) 2 lamps in scries, Bssult 

(б) 2 lamps in parallel. „ R= =2^ ohms. 


SttlMhl^|ahwmtOT3^ 

In addition to the Lamp Besiltance Board described in Appendix I the 
following should be briefly explained. 

BUdlac Bhooatat. A thin wire of high resistaifce ivoun^ on a state 
cylinder and terminated at each end with a binding fcrew (Fig. 108) so that the 
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wire may be put in series in the circuit. The current is pasf^d through a 
longer or shorter length of the wire, ue. through a greater or less^esistance, 
by eliding the contact along the metallic rod which is attache^.b one of the 
• terminals. 



Fig.nOH. 


Ooll Sbeoatat : consists of a set 



Fig. 109. 

and consists of plates of gas-carbon 


f coils 7?i, 7i’2,Jf?3 ... (Fig. 109) whiclimay 
be brought into series in the circuit by 
a rotating contact JAH^ J being the 
junction witli the metallic bosses 1, 2, 
3... at the ends of the coils, A the axis 
and H the handle. Such a set of coil 
resistances is used on electric trams, 
motors etc/i The energy of the current 
is dissipated in heating the coils. 

Carbon Bealataneo or Rlieoatat. 
Fig. 110 is useil with heavy currents 
held in contact in an insulated frame. 



Fig. 110. 



Remtance 
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Giroait is completed throu^'h two adjustable plates that may be inserted 
between th| Ibrbon plates and contact is loosened or tightened by means of 
an insulatec^crew at the end of the frame. 

Llqnld Baiatanee. A useful form of variable 
resistance for large currents consists of two cai- 
bon pencils or plates, (one fixed, the other 
adjustable and set in a movable board), placed 
in a solution of copper sulphate or other suitable 
electrolyte (Fig. 111). It must be remembered 
that (1) part of the drop in current is due to back pj’ [n, c, Fixe. 1 carbon 



E.M.r. of electrolysis [§ 64]; (2) the sdlvent re- 
quires replenishing. 

Roalstanea Ooila and Beaiitanee Boxes. 

The student should construct a one-ohm, two-ohm and a five-ohm resist- 
ance coil [see Wheatstone’s bridge, § 7d] using Manganin or Constantin wire. 


pencil. Cj, Ailjiisiable 
pencil. .S’, Solution of 
Copper Sulphate. 



¥m. 112 . 

A Resistance Box is shown in Fig. 112 and its construction is explained 
by Fig. 113. In this particular resist- 
ance box the plug has been removed 
from the 20-ohra gap, so that when the 
box is connected by its terminals (on 
the left) in series in the circuit current 
passes through an insulated coil* of 
manganin or Constantin vire of exactly 
20 ohms resistance. It is evident, in 
Fig. 113, that as a plug bridges the«gap 
between A and B, bet not between B 
and C, that the resistance of the right- 
hand coil only is in circuit. 



Pig.;i3. ^ 
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In Fig. 112 the gaps correspond to resistances of 500, 200, 100, 100, 60, 
20, 10, 10, 5, 2, 2, 1 ohms; thus any resistance from 1 to 1000 ^'hjns may be 
obtained. 

Resistance in Series. The student may now summarize 
the results of his practical experience by aid of a diagram (Fig. 114) 




'^ + + >*, - R 

Fig. 114. 


in which points WXYZ are joined by (say) 3 conductors, so that : 

(ii) the same current {C) passes through the 3 (say) resistances 
r,, ra, r, arranged jn series ; 

(6) the total fall of potential between W and Z [= (say) is 
made up of the sum of the potential differences etc. as each 
resistance is added to the circuit ; 


(c) hence, the total resistance of the circuit (^)=ri+ra+r8etc. 


Thus 



but 



and etc. 67 ] 

RC rfi + r^C + r^C etc. 

.-. R = + rg + r, etc. 

f 

70. Resistance in Parallel. 

The condwtiviiy of a conductor is inversely proportional to 
its resistance (R ) : this quantity is-'called its Conductance and 
1 • 
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Remtanee in parallel. 


If we ^oin points W and between which the p.d. is by 
the conductors in parallel as 
shown in^ig. 115, we should 

expect the total conductance ^ 

to equal the mm of the aeveral q >0 

cond%ctawxa - , - etc. W |L ( Z 

ri r, ?-3 \JZ U \J 

Let Ci,c. 2 , Cg represent the cur-, 
rents in each wire and 

represent the corresponding resistances, tlien the total current 
C = c, + + c., etc. 

V. . 

nut Cl — ) ^‘2 — > ^3 — * 

Tl r., 

. ^ „/l I 1 . \ 


C=^e(~ +-- + - etc.), 

Vi r.2 ?•, J. 


1 1 1 1 * 

= =-+ + etc., 

R r, r, r, ' 


• R-r,-r,-r, 

i,e. the total coiiductaf^e - sum of conductance of the conductors. 


71. Shunts. 

It is often necessary to send only a fraction of the current 
through a sensitive instrument* or a particular part of the circuit ; 
this may be accomplished by means of 
a shunt. For instance supposing yoif 
wished to measure a current (C) of 
several amperes flowing in a circuit and 
you were supplied with a raillianiineter, 
t.e. one which measures only ths of 
an amp^r^ what loop line or ahuut of 
resistance S could you place* between 
the terminals of the milliammeter ^ l^iB* l^®- 
* Especially the moving-coil type of galvanoAeter. • 
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of resistance (A, B) that only of the main current went 
through the inatrument (Fig. 116)1 The current {C) (uvtdes at A 
BO that / 

1 ' 

1000 ^ througli the Galvanometer = 




Shunt 


-C, 


Let E be the h.d. lietween A and /i, and G and S the resistances 
of Galvanometer and Shunt respectively. 

E \ ^ E 


Then 


I ^ E . m E 


, G ^ 

'' S " I ' 

G 1 * 

• ' ~ 999 [(Jqq through the Galvanometer 

and similarly the resistance of the Shunt 

G . I * 

- gg if part of C is to pass through the Galvanometer 

- 9 10 •” ” ' » ” 

72. To find the internal Resistance (r) of a Cell (say 
a Daniell’s Cell). 

(i) Indireot Metbod. 

Connect, in Series, 3 Daniell Cells each of internal resistance r, a tangent 
Galvanometer of known resisthnee (G) and a Resistance Box (R), then the 
total re»istance of the circuit a=3r + G + R. If £I = e.m.f. of the battery and 
current, then 

C--- - ^ 

B 3r+G + J?’ 

Let 9=; angle of deflection of the Galvanometer', 
then C = ktm$ and kt&ndxU-E. • 

E may be taken as ouustaut if the circuit is only completed for a short 
time for eaoh observation of $. 


I 
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(*) V mown of the teriatanoe box 
take « dir 4 sets of observatioua of R and the oorrosponding Plot the 



curve as shown in Fig. 117 aocordftig to the following observations, taking 
one di^ion on the axis ^f Y as representing one ohm’s resistance. 

It is seei^that the three points J, B and C obtained are in a straight line 
which, prodnced in the direction C’ti, cuts the axis of Y 13*di visions below 0 

* A commutator should be included in the circuit a Ad the me^n of 4 gal* 
vanometer readings taken for each obser^tion. 


B.E. 


9 
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which represents on the same scale the internal resistance of th^attery=:8r. 

/. r=V^=: 4*88 ohms. • 



ItefliRtancf 
of Galvano- 
meter G 

llesifltanoci 
Box R 

External 

Bi sistance 
= (7 + + 3r 

Mean De- 
flection (6) 

tan 0 

1 

tan e 

a 

7-5 ohms 

10 ohms 

17*5 + 3r ohms 

31“ 

•601 

1-66 

h 


1 20 „ 

27 5 + 3r „ i 

25“ 

•465 

•2 15 

c 


30 „ 

37 5 + 3r 1 

20*5“ 

•371 

1 2^70 


(11) Indirect Mctliod by voltmeter and ammeter [see § Ci), Exp, (ii)]; find 


r by the equation C— 


K 

G + li Vr* 


when the resistances of G and R are known. 


(Ill) By Voltmeter [nee § CO, Exp. (iv)]. 

Find E = k..m f. of battery by voltmeter direct (Fig. 103 <i). 
Ki~p.n. between .-I and R (Fig. 103 6). 

F', = 60C’ wbwe C= current in AB. 


But (7- VW-— where r is internal resistance of battery. 

60+ r '' 

Hence 7,= Since Ti and E are known r can easily be obtained. 

* 50 + r 


Grouping of C«U8. 

. £ 

We can now write down Ohm’s equation C ==^ as applied to a 

battery of n cells each of internal resistance r and 

and the total external resistance = R. 

Cells in Series 'c= 

R + 7ir 

cX in Parallel C = -4r- , 

S + - 

n ' 

If there are n cells in series and m in parallel, i,e. a total of wn cells 
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To obtViin the maximum current it is found that in grouping 

nT . . 

a battery cells R should as nearly as possible equal ; i.e. the 

external and internal resistance should, as nearly as possible, 
equal each other. 

73. Wheatstone^B Bridge. 

l!lie simplest form f)f Wheatstone* .s Hri<lge consists of a high- 
resistance wire ]) (Fig. lltl), the hrldye wire t»f iinifonn thick- 
ness, stretched tightly along a scale, usually one nmtrc in length, 
between two strips of copper, A and which together with a 
third strip li aro fiHmished with binding-screws as indicaUnl, and 
screwed to a board. These three strips are of negligible i*(isistance. 
It is evident that there are two gap.s in which certain resist- 
ances (/»*„ A^jinay be inserted. A Leclaiiche or a Danieirs cell • 



is connected between A and V and the circuit compleU^d by a key K, 
If we trace the current G from E round the circuit we find that 
it divides at A and travels, (1) c, by way of the strip B 
(2) c, by the wire /), to C where it passes by the kf^^, K, to the 
cell E again. By either route the potential falls between A and C, 
and we 't.Q,n find a poi^t D in the toire where the potential is the 
same as in Me strip B : this point is found by joinihg B through 
a galvanoscope (curnent detector) fr to a wire which can be moved* 
along the bridge wire until no deflection occuA an making or 
breaking contact at D. 

1 In some forms of Wheatstone’s Bridge the “moving or travelling 
CootMt ” is made by means «f a Apper^ 


n a 
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Let - resistance of the piece of bridge wire AD^ oif length 2i, 

= )) t) T)C ^ 

Then since the potential in H is the same as at /) 

' C,R,=^CA 

and 

" R^ R,~L/ 

Xxp. L . To find th« rosiitanoe fRA of a piece of wire. 

A piece of Iron wire No. 3i s.w.o,’ leriffth 68 cms. was placed in the gap JRj. 
(Fig. 118) : a known standard resistance (Ji,)- 1 ohm was plated in the gap . 
A Daniell’s cell was connecU-d, in the position E, between A and C, and one 
terminal of a mirror galvanometer O [§ 44] was joined to It and the other to 
the moving contact I). (1) i) was placed opposite the 10th scale division, and 
on tapping A' the deflection of the spot of light (0) was to the U/t: (2) Dwas 
placed opposite the OOth scale division-~the spot moved to the right, hence 
the neutral or ‘‘nuU’* position of /) lay between the 10th and 90tb scale 
division and was ultftnately found to bo at 37*5. 

The length >lD = 37*5=/i oc J?., when no deflection in G. 

.*. „ „ D(;=62-5 = f2 0C „ „ 

Then since Iti-1 ohm and Ii^lll>=RJR^, 

1 ohm 37 '5 

« B.j=l*e6ohmf. 

Bxp. 11. To show that the reelitance of a piece of wire depends npon 

(a) the enbetance of whlc^ It la made and 

(b) la directly proportional to Ita length (l),and 
(e) Inveraely proportional to Ita croaa»aectlon (a). 

Using the metre bridge (^ig. 118) and a 1-ohm or 2-ohm standard resist- 
ance in the position Ri, And the resistance, Jt^, of the following wires and 
tabulate your results, thus : 


Snbatanoe 

S.W.Q.* 

1 

length* 

crosp 

(sq.oms.) 1 
section (a) | 

hoci?3 1 R* 

t 1 


Jls=X 
by caL 

(1) Copper 

No! 36 

100 cms. 

•00029?7 1 

64 cms. ' 86 cms. ^ 

[ 1 ohm 

0*fi6ohm 

(2) Platinoid^ 

„ 28 1 

30 „ 

•0011110 I 

53 „ l 47 „ i 

1 >* 

0-88 „ 

(8) » 

*28 

16 „ 

•0011110 

68-6 „ ]31-5„ 


0-44 „ 

W A 4 

„t 2rf 

30 

•006566 

87 „ |13 „ 


0*16 

(6) Iron 

„ S6 

100 „ 

•0002927 

8S „ 62 „ 

2ahma 

3*25 ohms 


i Convenient lenfftha and gauges.have been givkm. ^ * Ox other alloy of high naistaiiee. 
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l>«dueti.9ai: 

(а) from results of (5) and (1) 

V Resistance of Iron . 

Resistance of Copper ~ 0*60 ~ 

(б) from results of (2) and (3) 

• Resistance of 30 cms. of wire _ 0*88 _ 2 ^ 

Resistance of 15 cms. of same wire ~ 0* fi ~ 1 ’ 

(cj from results of (2) and (4) 

Resistance of wire of cross-section at area *001111 _ 0*88 _ 6 
Resistance of wire of cross-section at area -OOli/iOti ” 0 15 ~ 1 *‘PP*^‘^*’ 
Area of ciross- section No. 28 h.w.o. _ *001111 _ 1 
Area of cross-section No. 20 h.w.o. ~ *000500 0 "'PP*'®*' 

Compare these results severally with the object of the exp. 

Hence B = 5 ^ , where l=length of wire, a— its cross-Boctional area and 

Cl 

depends on the particular material of the wire: and is called the 

flpeclfle Baaistance [§ 75]. 

^4. The Post Office Box. 

A diaf^rani of th.e arrangement of resistances in Wiieatstone's Bridge is 
shown ?n Fig. 119. The arrangement in the Post Oflice Pattern of the Bridge 
is shown diagrammatically in Fig. 120 and a drawing of an actual Boat 


B 
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Oflle« Box is given in Fig. 121. The atadent alionld make afplan of the 
particular box that he uses. 



Fig. 121. 


Note the order— .1, 1000, 100, 10, B, 10, 100, 1000, C\ in the arms corre- 
sponding to and Ri. If equal resistance gaps are opened by removing 
plugs in AR and liC, then the liesistance in i? 3 , i/hen the “null” condition 
is obtained, will be the dctual Bosistancc of if 4 ,*thus : 


Ih 

R,' 


100 
rod " 


^ 4 * 


R,= R,. 


If the ratio of the arms RifR^ ia 10/1 or 100/1 a correspondingly higher 
degree of accuracy is obtained in the ratio of the arms /^s/i?^. 


Ri is made up of 10 coils #nd plugs of resistances 1, 2, 2, 5, 10, 20, 20, 
60, 100, 200, 200, 600, 1000, 2000, 2000, 5000 ohms which give a range from 
1 to 11,000 ohms resistance. 

Bxp. To ftoMoro aecuratoly tlio ^aaistanoe of lOO omt. of Platinoid 
wlro B.W.a. No. aa by moans of a P.O. Bosistanoo Bbx. 

Measure approx. 106 cms. of lacquer covered wife. Scrape off about 2omB. 
of tlie insulating covering Pt one end and fix it on the binding screw C. 
Fig. 120. Measure off exactly 100 cms. dnd scrape the remainder of the wire 
and screw it accurately to I> so that the 100 cms.^of insulated wire ate 
temiBiated at C'an^ D. (1) Connect B and D to a Mirror Galvanometer ; 
(2) A and C to a Daniell’s cell with a key in the circuit ; (3) remove the 
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® (InEnit^ plug and depress the key ; Obt. Dcdection ot spot of light to the 
rignt ; (4) .insert the oo ping and remove the 1 ohm plug and de resa the key: 
Ohi, Deflt4^^'on ia to left ; the resistance is between 1 ohm and od . 
(This is a rough teat that the connections are correct) ; (5) it was found that 
with three ohms resistance in Jij the spot moved to the rights and with 
2 ohms ^t moved to the \eft\ is between 2 and 3 ohms; ((5) extracted 
100 ohms from AR and 10 ohms from 11(7, Ri was found to lie between 21) 
and 30 ohms ; (7) extracted 1000 ohms from AJi and 10 ohms from JiC, R^ 
was fOund to be 292 ohihs at the “ null ” condition. 

1000 ohms 292 ohms 

i A r ""=#1 I • B3=a*©a ohma. 

10 ohms R^ ohma •* 

75. Specific Resistance [.^]. 

Referring to the formula = 3^ ^ [§ 73, Exp. ii] we <jan find 

the value of 3> Speeijic Resistance^ if we make / - 1 cm. and 
a ~ I sq. cm., i.e. we find the Specific Resistance of a material to be, 
the resistance oj a cube of 1 cm. edge to tho passage of a stream 
of electrons moving parallel to ono of its edges. 

• From the result of the last exp. calculate the Specific 
Resistance of that particular specimen of Platlnoidi 
R = 2-92 ohniH j 1 100 cm.s, ; a = *001 111 .sq. cms. 
for No. 28 s.w.o. wire. 3-Spccilih Resistance, 

o -1 ^ . o no . - 100 

since ^ = S „ . • • 2-V <•*•»» = » .qq j (-yj , 

S = -00003244 == 32*44 x 10 "ohms. 

BztreiM. From the results of Exp. ii, § *^3, calculate the f^pecific Resist* 
anoes of Iron and Silver. 

76. Comparison of Resistances of Liquids. 

The Resistapees offered by various liquids ma^Tlje compared 
by the fc^lowing deviqp which is based on the Wheatstone’s Bridge 
arrangeraept. The arms AR, BC (Fig. 122), contain 2 re8i.stance8 
(i?,, R^) approximately equal, of ab<(Ut 30 ohms each*. The arm 
AD contains an efectrolyte (say dilgte salt sc^lution) in a tube 
^ Two low resistance glow lamps for instance. * 
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/. 

with copper terminals passed through corks as shown its resist- 



Fig. 122. <Si = Indaotion Coil. 

Tss Telephone. 

Tr=Tube witli ndjastable Mlire. 


drawing the wire JF, Wlien 


ance need not be kiyj^wn. The 
electrolytes (say Copper Sulphate 
solution of various strengths) 
whose resistances are to .be com- 
pared are placed in the tube in 
thearm CD in which an adjustable 
terminal W passes through the 
upper cork. It is necessary to 
eliminate the back^ fc.M.p. at the 
terminals in the electrolytes. 
This is done bypassing alternating 
currents through the liquids from 
the seconilary coil S of an in- 
duction coiP from which , the 
condenser has been removed from 
the primary circuit. The coil is 
inserted between A and C instead 
of a battery giving a continuous 
current. It is necessary to sub- 
stitute a tfek'phone receiver T for 
a galvanoscope between B and D. 
On depressing /T the induction coil 
is^actuated and a noise will also be 
heard in the telephone until the 
nuU condition is obtained by ad- 
justing ^4, pushing in or with- 
the buzzing in the telephone is 


reduced to a^inimum, measure the length L between tlw terminals 
which gives a measure of R^, Repeat the exp. substituting other 


solutions of various strengths in IF, but keeping constant. 


Vraetleal Xafereiae. Find how the .resistance of a solntion of Copper 
Sulphate (say) varies with the concentration. Plot a carve from your results. 
{ReHstanee varies as.L ; concentration should be given in grams per litre.) 

* * ** 

' Avoid shocks by not adjusting W when f is depressed. 
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Sp«^fl^|X«tistaaee of a Liquid may be found by tho above method, 
using a K 0. Box and a single tube W containing the solution (7f|). The 
area (a) terminals in the tube W must be known ; they should be equal 
and circular of radius r cms. Then 


^7. Resistance varies with the Change of Tem- 
perature of the Conductor. 

The resistance, of pure metals increases rw the temperature rises. 
This may bo shown by inserting in a 
Wheatstone’s liridgt; a spiral of thin 
lacquer-coverod ’ iron wire containtHl in ^ 

a vessel of water (Fig. 123) which may ^ T r £ 

be frst c(K)le(I to 0“ C. by jwlding ice 
and afterwards gradually raiswl to a 

temperature of about 80“. A thermo- , | 

meter T and a glass stirring rod S are cS ~ 

necessary accessories. Thick coj)per 

wires, insulated with lacquer, connect 0<: n ^ 

the spiral to the bridge terminals Ji ^§5 (I 5^' 

and C. Resistances are mejisured at * 

intervals of 10“ from 0“ to 80“ C. 

(~ ^ graph plotted which 

is found to be almost a straight line. Fig. 123. 

Continue the curve to find the resistance at 100“ - 
Then - /?o = rise in resistance if(, coil for 100*0. 

~ j» ^ resistance of 1 ohm coil for 1*0. _ 

lUv /[(, ^ 

. - R,^ ^ jpp j.p 


a resistance of 1 ohm coil for 1*0. , 


= percentage intTea.se in resistance per I* 0. 
= 0-4 "/^ for pure metals (approx.). 


* Uninsulated wire may be used if the coil is immq^sed in paraffin oil in 
an inner yessel, surrounded by an outer water bath, the tenljperatqre of»whi^ 
mi^ be raised. 
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If / represents the rise in temperature above 0“ thfh 

=: Temperature Coefficient of Resist^lSce = p, 

t .Rj 

i,e. p - Kesistance increment of one ohm coil per degree. 

.. R, = Ro(l+pt). 

Dewar and Fleming found that at very low temperatures the 
resistance was so much reduced that at -273'^ C. (the abs'jlute 
zero) pure metals would offer no resistance to the passage of 
electrons. • * 

The Resistance of Comtuntin m' Eureka (an alloy of 40 Ni 
and GO'/^Cu) and Mamjanin (Mn 4, Ni 12, Cu 84) wires is not 
affected by change of temperature. 

The chief t>xc(‘ption to the general rule is carbon, the resist- 
ance of which (IrcreaHes greatly as its temperature rises. 

* Bl«etrleal S«aistanee Thermometers (Pyrometers). 

Tho principlt) tlmt resistance incroases with liso in temperature is applied 
in making high temperature thermometers (pyrometers). A fine platinum 
spiral, of known rosisianco at ordinary temperatures, is contained in a 
porcelain tube which is pla<‘od in tho furnace or crucible the temperature of 
which is required. The resistance of the coil i.s then measured while it is in 
the furnace. The coefticiont of increase of resistailCo (p) being known the rise 
in temperature is caleula‘ted from the formula 


78. Typical Bxamples, with tholr Bolntlons, on Chap. VXI. 

Example i. An elootrio circuit consisting of a battery, tangent galvano- 
meter and resistance box is traversed by a current which gives a dedection of 
40^ when there is no resistance in the box and 15'^ when the box contains 
10 ohms. What is the remaining resistance in the circuit ? 

Let /i = remaining resistance in ohms; 7% sic.si.r. of battery and Ci andCj 
tho currents tlirough the galvanometer. 

^ C', = 7Ctan40'’= I (a), 


Hence since ^ 


C2=Jirtanl5‘’ = 


A- 

10 + if 


tan d0“ = ’8391, 


tan 15'' = *2679, 


.(ft). 


« 83 ^ _ 
2679 “ R 


if s 4*6 ohms (approx.). 



77 - 78 ] Worked Examples 139 

Exawfi\ii, The total current from a main supply of 110 volts sent 
through a, lighting circuit containing 20 lamps in parallel is 10 amperes. 
Find the of oach lamp. 

Let J2 = equivalent resistance of lamps in ohms, 
lii = resistance of each lapap. 

Then i since lamps are in parallel [§ 70], 

* K 

C=-^. .'.10/2 = 110. 

.'. 72 = 11 and /2j= il x 20 = 220 ohms. 


Example t/i. A total current of 0 amperes Hows through thr(*e wires in 
parallel whose rcKistances are 2, 3, 4 ohms respectively. Calculate the current 
in each wire. 

Let 72 = equivalent resistance; 7v= potential difference between the ends, 
and (?i , C'g, 0*3 the currents in each wire. 


• A’ F 

ti* 


rj 

* 

n 2^3 4 12* 

72 - ~ ohm. 

Now C'=~. G= ^\ 

72 \f 

.. 6 X 12 , 

.'. A = - volts. 

Hence Cj = 1^=21 3 amps. 

C'j=l}I amps. 


Example iv. The terminals of*a battery consisting of 3 colls in scrios 
each having an e.m.f. of 1-6 volts, and a resistance of 1 ohm, are joined by 
two wires in parallel, one of 4 ohms, the other of 5 ohms. Calculate the 
current in each wire. Let 72 = equivalent resistance of wires. 

1 f u 


If (7 sa total current in ampdres, then (7: 


4*8 4-8 #8x9 


72 + 3 “ 6 | 


470 


amps. 


Let Cjsrourrent in wire of 5 ohms, C 2 =corrent in wire of 4 ohms. 


Hence 




48x9 
' 470 ' ' 

470 ** 


^92 

470 


= •4 amp, (approx.). 


'51 amp. (approx.). 



Example v. The Bpecifio resistance of Eureka wire = *0000^ ohm. Find 
the length of Eureka wire No. 80, diameter *815 mm. required fox/ resistance 
of 10 ohms. ^ 

a . A . . total resistance x area of section 

Specific resistance = length ’ 


10 X 


22 


lengths- 




•OOOOIH 


= 162cms. 


Questions on Chapter VII 

1. In any simple electrical circuit what relation exists between the 
strength of the current, the k.m.f. of the battery circuit and the resistance 
of the circuit? How would you verify the relationship experimentally? 
Define the practical units of current, e.m.k. and resistance. 

2. If the resistance between the terminals of a battery is doubled, is 
there any alteration caused in (<i) the strength of the current, (b) the x.u.f. 

• of the battery ? If so, to what extent ? ‘ 

8. What exactly fit meant by the e.m.p. of a cell ? Describe a method of 
quickly determining its value. Account for the falling off of the potential 
difference between the terminals when the current through the circuit 
increased by lowering the external resistance. 

4. Describe a simple form of voltmeter and contrast it with the ammeter. 

How is it possible to fit up a tangent galvanometer for use as a voltmeter? 

( < 

6. An unmarked instrument for measuring electric current is banded to 
you. What characteristics would you look for to determine whether it had 
been designed as (a) an ammeter, (5)«a voltmeter, or (c) an instrument 
obeying tlie tangent law ? What is the relation of the ampere and the volt to 
the absolute units of electricity ? 

6. Describe any simple exilbrimental method of comparing the b.h.v.’b of 
two given cells. On what principles does your method depend ? 

St?. Show, with simple diagrams, how resistances can be connected (a) in 
series, (b) in pa^'allel, and deduce appre^rUte formulae for the equivalent 
resistances of the systems. ^ 

8. Repeat Q. 7 for cells. What is meant by the internal refistance of a 
cell? How would* you quickly determine the internal resistance of a given 
Daniell’a cell? How is the internal resistance of a tftmple cell altered by 
varying (a) the area of the plates, (b) their distance apa^ (c) the strength 
of the^eotlolyte^ 
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9. The of a city supply is 220 volts. Construct a graph showing the 
variation Ia the total current passing through a switchboard due to the 
inscurtioo of successive lamps each of resistance 300 ohms {a) in parallel, 
{b) in series. *(See Appendix I.) 

10. '^hat is a shunt ? Describe its use in connection with an ammeter. 

11. A galvanometer of 100 ohms resistance can only indicate a maximum 
current of 5 ampbres. What must be the value of the shunt, used in con* 
junction with this instrunfent, to'record currents up to 100 amps.? 

12. It is desired to use an ammeter* reading up to one ampere and having 
a resistance of ^*5 ohms for measuring currents up to 10 amps. Explain 
carefully, giving all the calculations necessary, what would need to be done 
to attain this end. L.U. 1920. 

13. A battery whose e.m.f. is 12 volts and internal resistance 1 ohm is 
connected in sericfs with a coil of resistance 5 ohms and a galvanometer of 
resigtanoe 10 dims. What is the current through the galvanometer ? What 
will be the effect of replacing the battery by two similar cells (a) in series,* 
(6) in parallel ? 

, 14. A Daniell’s cell of e.m.f. 1*1 volts and | ohm internal resistance is 

connected in series with a tangent galvanometer of resistance 2 ohms. Com- 
pare the current passed through the galvanometer with that from a Leolanchd 
cell E.u.r. l‘3d volts, internal resistance *25 ohm. 

15. Under what conditions are cells used (a) in parallel, (b) in series ? 

Four Dauiell’s cells of e.m.f. 1*1 volts and internal resistance *5 ohm are 

connected (a) in series, (6) in pafallel through an external resistance of 
*2 ohm. Compare the currents produced in each case. 

If the external resistance is increased to 20 ohms, deduce the new values 
for the currents produced. State your conclusions. 

16. Find the resistance of the wire which must l>e joined in parallel with 
a wire of 15 ohms resistance to reduce their combined resistance td 18*5 olyns. 

17. The terminals of a battery consisting of three oells in series, each 
having an e.m.f. of 1 v<^t and a resistance of 1 ohm, are joined by two wires 
in series, one of 4 ohms and the other of 5 ohms. Give the intensity (value) 
of the current which will pass through the battery. O.L.B. 1920. 

18. Two coils have a combined resistance of 12 ohms when connected in 

series, and 1} ohms when connected in parallel. *Fi 9 d their rypeetive 
resistances. L.M. 1917. * 
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19. The terminals of a battery are connected by a voltmeter '^hich shows 
a reading of 16 volts. The terminals are then also joined by / ires to an 
ammeter. The ammeter registers 1-5 amperes and the voltmeter 9 volts. 

(a) Explain drop in voltmeter reading. 

(h) Calculate the resistance of the battery. 

(c) Find the resistance of the ammeter with its leads. O.L.S. 19‘^0. 

20. The Specific Resistance of Platinoid wire is about '000034 phm. 
Find the length of wire No. 26, diam. — *457 mm, required for a resistance of 
100 ohms. 

21. Write a careful description of a re-sistanco box. How are the coils 
made and wound ? 

22. Give full details of any experiment you would perform to obtain the 
resistance of a given coil of wire using an ammeter and a voltmeter. 

23. How can the resistance of an electric lamp be measured? Draw a 
diagramMndicating the apparatus that would be used and the manner in 
.which it would be connected up. L.U. 1920. 

24. Describe the method of obtaining the value of an unknown resistance 
by what is known as the Wlieatstone Bridge. Prove any formula you use. 

26. You are required to make a 1 ohm coil from a piece of platinoid’ 
wire. Give the details of the experiment, carefully stating what precautions 
are necessary to ensure accuracy. 

26. In the Wheatstone’s Bridge method explain why 

(i) the dual bridge reading should not be near the ends of the bridge, 

(ii) it is advisable to interchange the positions of the unknown resistance 
and the resistance box, 

(iii) the diameter of the bridge wire should be uniform. O.L.S. 1920. 

27. What is a Post Office Box? Describe its construction and state how 
it is useil in the aeenrate detehnination of unknown resistances. 

28. Describe the Poteutiometer method of comparing the B.M.r. of two 
oellb. State wbj^ 

(a) the poteutiometer wire should bo'^of uniform section and as long as 
possible with convenience, 

(5) an accumulator is usually used to provide the main currept. 

29. Describe an accurate method of obtaining the value of the internal 
resistance of a cell. Why do the values obtained for a’ given make of cell 
vary w^ely in prarticii? 
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UNITS AND DEFlNflTONS. 

HEATING EFFECTS OF THE EL?:(rrKIC CURRENT 

76. I. Absolute Units (A ). 

The absolute unit of electrical charge (or quantity), 

denoted by q. * 

If two /<Ae*chiirges of electricity of equal strength, phiced 1 cm. 
apart, repel each other with a force of 1 dyne, e<ioh is called an 
absolute unit of charge. 

The absolute unit of Potential Difference (or of 
E.M.F.), denoted by e. 

If 1 enj of work is needed to move 1 abs. unit of charge or 
quantity, from one point to another, against the force of an electric 
field there is said to be an unit of Potential Difference between 
tlio two points. 

The absolute electro-magnetic (A.-E.-M.) unit of 
Current was defined nn 46 and is dcnoUKl by c. 

f • 

The A.-E.-M.-unit of Resistance, denoted by r. 

A wire or other conductor jjas the A.-K.-M.-unit of llcsistance 
when an absolute unit of p.d. must bo maintaine<l )>etween its ends 
in order that the A.-K.-.M.-unit of current may flow in the wire. 

The A.-E.-M.-unit of Quantity of electricity, denoted 
by q^ is conveyed by the A.-K.-M.-unit of current in 1 sec. 

II. Practical UniU (P-). . 

The Practical unit of Potential Difference (or of 
E.M.r.) ^the Voltj! 

The K.II.P. of a Voltaic Cell, the p.d.’ betweefi the terminals 
pn “open circuit f Jfe more than 100,000,000 absolute units of p.d. 

’ For distinction between E.n.r. and p.d. see pp. i7-21.^ 
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These units are evidently very small and it is therefor^, necessary 
for practical purposes to increase the unit considerably.^rThe unit 
selected is called the Vdt. 

» 1 Volt = of P.D. 

expresses the e.m.p. or p.d. in Volts. 

The P-unit of Current [the Ampere] has already been 
defined [§§ 46-Gl]. , 

1 Ampere = ^ (or 10~i) A.-E.-M.-unit of Current. 

C exprtisses the current in Amperes. 

The P-unit of Resistance [the OhmJ. 

The value of tins Ohm follows from the equation which ex- 
piHjsse^ Ohm’s Law, viz. 


E.M.F. 

. current 
Volts 


Amperes 


= llesistancc, 

: Ohms (practical units), 


i.0. 


10*A.-E.-M.-units of E.M.F. 
10“^ A.-E.-M. units of current 


10’ A.-E.-M.-units of Resistance, 


1 Ohm s 10^ A.-E.-M.-unit; of Resistance. 

R expresses the Resistance in Ohms. 

The P-unit of Quantity (the Coulomb) is carried by 
1 Ampere in 1 sec. 

Q expresses the Quantity in Coulombs = Ct^ 
t.e. Q coulombs are carried by C ampdre in t secs. 

' 1 Coulomb = (i.e. 10~^) A.-E.-M.-unit of Quantity. 


80. Electrical Work^ Energy, Power. 

Work. From the definition given in § 79 of the a|;)8olut6 unit 
of P.i). 1 erg of work is done when an absolute unit quantity of 
electricity is moved from one point to another between which 
th6i% is mx ab^lute unit of p.d. 
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WherSq units are moved through a p.d. of e units qe ergs of 
work ard^one = W, 

« ie. W = qe in absolute units. 

The Joule. If the P-unit of quaiUity, 1 coulomb (i.g. 10“*^ 
A-unitay is moved through a p.d. of 1 roll (i.e. 10" A-uuits) the 
work done is called a Joule; but, 
w = q X e, 

the T^-unit of Work - 10"^ x 10*= 10^ ergs (A-iinits) 

• =1 coulomb X 1 Volt = 1 Joule (P-units), 

.‘. 1 Joule = 10^ ergs. 

Hence work done ( If) when Q coulombs are. moved through 
a P.D. of E volts -QE joules, ^ 

i.e, ^ IK - joules, (1)» 

but 1 coulomb - quantity carried by 1 ampere in 1 sec. 

.\Q^Ct „ M < -(2). 


Substituting (2) in (1), 

IK = A’ joules (3), 

i.e. W -- CHE X 1 0" ergs f (4), 


Energy is the capacity to do work. 

Power is the rate of doing work. 

If W ergs of work arc done in a circuit in t secs, then rate of 

IK * 

doing work, i.e. power - -- units of electrical power, but by 
equations (1) and (3), * 

W = ^ A' joules = CEt joules, 

IT* 

« y = joules per sec (5). 

9 

» 1 Joule a f of a Foot-Pound (approx.). Work dow is expressed hers by 
w ergs or JK joules. ’ ^ 


in 


&B. 
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So that the Fowerr at which an electric current d^ies work ia 
equivalent to the product of the current (in amphe^ and the 
pressure (in volts) under which it is driven through the circuit, 

Powjer=amps. x volts. 

Electrical power is expressed in units called Watts. , 
by equation (5) 1 Watt = 1 Joule per sec. * 

=- the power develope<l by a current of 1 Ampere driven iby an 
electric pressure of 1 Volt, ' 

hence watts amperes x volts. 

A Kilowatt is 1000 Watts. 

To convert Watti Into Hor— -Vower (H.-P.). 

1 H.«V. = 33000 ft. -pounds per minute 
, — SoO ,, „ sec. 

[1 ft. =30'4Hcm8., 1 pound = 453*6 grams, <7 = 981.] 
= 650 X 153 *6 X 981 x 30*48 ergs per sec. 

= 746 X 10^ ergs per sec. (approx.) 

= 746 joules per sec. 

= 746watta 
= jj kilowatt (approx.). 

.*. 1 kUowatt=l^ B.-P. ( ., ). 

A Board of Trad* \fiilt (B.T. unit) is a Kilowatt of energy kept going 
for 1 hour- 1 kUowatt-liour, hence B.T. units = Kilowatts x Bonrs. 

[For worked Examples see § 86.] 

81 . Heating Effect of the Electric Current. 

I. The Joule Effect. 

r 

The reader’s attention was drawn in the first paragraph of 
this book to the distribution and dissipation of the electric energy 
0 ^ a current Along a single street, for instance, the supply of 
electric energy conveyed by the tow n mains is utilized for lighting 
tile sti’eeta and houses, for working the m6tor8 on the trams and 
in the worksh&ps, for electroplating, for welding metals,* for heating, 
cooking and ironing, for X-ray work and < cauterizing at the 
hosj^itals and, in^ many other ways. The conversion of electric 
energy into heat energy is called the Joule effect. 
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Bxpi (i To iUtuitrato tbe eonveroton of •Itctrio on^rgy to bMt 

•Btrgy— simplest method of dissipating electric energy— connect 3 or 4 
Bichromate, or Grove's, or even dry-cells in series, and join the outer 
terminals b^(8ay) an inch length of Jine iron u'irf. The electric energy is 
dissipated in heat throughout the circuit, but is cliietly noticeable in the wire 
which bceJomes red hot and ultimately fuses. 

Th'e heating is due to the reBistance of the conductor to the 
passage of electrons. In 80 we found that a current of C ainpisres 
flowing for t secs, through a im). of E volts develops Ct. E joules, 
i.e. IK A' joules (1). 

If the rebxBtance of the conductor ~ wo know by Ohm’s 


Law that E ~ CR volts. 

Substituting in (1) 

r- Cf. eve joules 
= C '^ . Rc joules, 

W : C' . Rt X 10' ergs • (2), 

The Mechanical Equivalent of 1 Calorie of Heat was found ‘ 
ft) be 4-2 X 10’ ergs (called J). If tlie heat developed - // calories, 

then w JII - V'^Rt x 10’ ergs (3), 

..•.4-aH=:C2Rt (4), 

sCtE (5), 


where Af is in Calories, C in An)pere.s, R in Ohms, t in secs, and 
£ in volts. 

This equation expressed in words constitutes JoulC^B LftW, 
viz. the number of ^lnitn of heat developed in a conductor is pro- 
portioTuR to (a) the aquare of the current-strenqth^ 

(6) the renUtance of the conductor, 

(c) the iirne that the current flows. 

Bxp. (11). To abow %b«t B « BT [see (b) and (c) above] the current 
remaining constant. • 

Take two small cigorimeters Mu Jf*. of approx, the same weight and 
shape, each fltted with a spiral (see Fig. 123) of tfaj^same kind of^thin 

» See Experitnental Science, Part I, Physics, Section IV, Heat, § 166. 
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lacquer-covered (i.e. insulated) manganin wire of measured leflgths' li, I 2 
Call the resistance of the spirals R], R 21 then 

RifR2=h/h> ^ 

Counterpoise the calorimetjprs and add to each exactly equal weights of wstei 
which, to reduce errors of radiation, should be cooled to a few degrees below 
the temp, of the laboratory at the beginning of the experiment. A*dju 8 t the 
thick insulated copper leading wires, shown in Fig. 124, to touch the water. 

In order to pass the^sam 
currnU through both calorimeters 
connect them in series with a 
4- volt accumulator (R), a tangent 
galvanometer (t'.o.) with commu- 
tator (Fig. 124), or an ammeter 
(/I) reading to 2 amps., a variable 
rcBistance (7?) and a plug (AT). 
Using a 0“— 30‘’ thermometer, 
reading to 0 - 2 '’ C., take tempera- 
ture readings (7*,, T 3 , Tf, for Mi 
and Ti, T 4 , Tq for M^) at the beginning and the end of two consecutive 
intervals of t secs, (say 10 minutes eacli). lloverse the current quickly 
between the two intervals if a t.o. is used. By moans of the adjustable 
resistance (i^t keep the current constant throughout, 

[For Exp. (iii), it is also necessary to take the 4 galvanometer readings, 
and obtain the mean (say) di° or if an ammetoi is used record the current 

Then 

Ist interval (t sec,l 2 nd interval (t sec. ) Total time ( 2 t) 
(A) Rise in temp, of = V-Tj® 

„ „ „ il/a=2V-r./ 2V-r4® 

It is found that for each qqual interval and using etjual weights of water 
_ Rise in temp, of M] _ fi _ 7fi 
' ' Rise in temp, of fa ~ ifa ’ 

so that by koe^'ing C and t constant we have shown that the II developed i$ 
proportional to the R\ 



(€) also, lUse in Temperature (proportional te^ Heat developed) in either 
calorimeter is p|oportional to the time that the current fiows^. 

, .. T 3 -T 1 fsec. 1 . 

e.g, for iW, - 2 t sec. 2 ’ 

ihv. 2 edds are not of the same wire and of unknown lengths, it is 
necessary to find the Resistance of each coil. A useful ratio of lengths is 
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asp. (ik). To tliov tbst B C [see Joule’s Law (it)]. 

Cut ou;* either of the Calorimeters (say) Mi [use Fig. 134 with removed] 
and repeat Exp. (ii) with exactly the same weight of water in M^. Let the 
Temperature^eadings be Ti° at thb beginning and the end of two 

equal consecutive intervals of t sees, (say 10 minutes each). Let mean T.a. 
defiectioa ~ or, if an ammeter is used, keep the current constant at C\, 
then it*is found for any two corresponding intervals for 

• Rise in Temp, in Exp. (iii) _ . . Tq”- '1^ _ d‘i^ _ cy 

Rise in Temp, in iixp. (ii) “ iy - '/'•/ “ tsn Cj** 

So that by passing different currents through the samo quantity of water for 
equal times, each current remaining constant during each experiment, wo 
have shown that the Jleat developed in proportional to the tquare of the 
current. 

82 . To find the mechanical Equivalent of Heat 
[Joule’s Equivalent J] by an Electrical method. 

• JHsC^Rt. [iSee §81, Equations (l)-(4).] ' 

The ipethod is identical with that of Exp. (iii), g HI above, but it is 
peoessary to know (1) the Resistance of the coil (B), (2) the weight of water 
and the water equivalent of the calorimeter in order to moasure the heat 
developed (B), in addition to C by t.u. or ammeter and t by the clock [uso 


Fig. 124 without J/,]ss:(Bay)7’5 ohms. 

(а) To obtain B, use'a Wheatstone’s Bridge. , 

(б) To obtain B : 

(1) Weigh the empty copper calorimeter ( 8 . 11 .- 0115) 20 gms. 

(2) „ ,, „ ,, I water 70 

.*. Wt. of cold water 50 „ 

add water equivalent of calorimeter (20 x 'OSIS) —approx. ... 2 ,, 

add water equivalent of thermometer- * 0*6 ,, 

Total water equivalent of calorimeter and contents 62’6 „ 

(3) Temperature before passing current 10° C. » 

„ of Laboratory* 15°. * 

„ after passing current 20° 0, 

Rise in temperatuPe of 52*5 gmi. water 10° 0. 

//.-amass of water x rise of T. — 52'5 x 10=525 calories. 


* Note how radiation error is avoided. Do not start the current until the 

temp, of the cold water has risen to about 6° below the temp, of iahyatoiy 
and continue until the temp, of water has risen 5'^ a^e temp. ^ 
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(c) To obtain C nse a t.o. and commutator, reversing the current when 
the temp, has risen to that of laboratory (mean of 4 readii^ 6 ^) ; the 
constant (k) of the t.o. must be known ; 

Then current - A tan 0= (say) 0*5 amp., or use an Ammeter. In 
either case keep the cufrent constant by means of the variable resist- 
ance R [see Fig. 124 without M,]. • 

(d) To obtain t: use watch with seconds-hand -(say) 19 mins. 40 secs. 

= 1180 secs. ; 0 

then substituting in Joule’s equation JlI=C“Rt 
J X 525=0*5 X 0-5 x 7*5 x 1180. 

.*. J=:‘25 X 7*5 X 1180/525=4-4i Jonlea [P-units] 

=4*2 X lO^ ergs [A-units].* 

Praotieal Bzarelae. (a) Ciivcn the voltage of the local supply, suggest a 
method of finding (1) the nirrcnt used by, and (2) the resistance of an electric 
glow lamp. Design the calorimeter you would use and name all precautions 
necessaijy for safely an<l successfully carrying out your exp. (b) Hence how 
would you calculate (3) the number of kilowatts used per hour, and (4) the cost 
•per hour given the price of a b.t.u. [Sec Kxamplc ii, § 85,] * 


83. II. The Seebeck Effect wa.8 discovered by Soebeck 
in 1821. It may be illustrated by the following. ' 

Bzp. Two dissimilar metals, e.g. (a) copper and iron, or (6) bismuth and 

antimony, soldered or jointed 




together, have their free ends 
jcyned through a mirror gal- 
vanometer (Figs. 125 a and ft). 
If the junction H is warmed 
to a temperature higher than 
the rest of the circuit, an e.m.f. 
is produced which drives a 
current across the junction in 


a b c the order mentioned above and 


Fig, 125. 


so round the circuit. 


* If, on the o^er hand, the junction is cooled below the rest of the circuit 
the current is reversed, * 


The effect is greatly enhanced if several couplej^ are joined in series and 
corresponding junctions are warmed (Fig. 125 c). 

M. III. Peltier EffMt. 

In order to obtain the Seebeok Effect heat energy was supplied to or taken 
from junction^wh^re it was transformed to electric energy. The Peltier 
Effect k the converse of this. 
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If an E.v.F. is supplied to. the circuits shown in Figs. 125 a, 5, and r, so that 
the current flows in the mtne direction, the junctions 
are eooUd, if in the oppagite direction they are heated 
(Fig. 126). • 

It must be bonie in mind that the Joule KfToct 
will disliprb the Peltier KfTect, for the temperature of 
the mstals will rise owing to their resistance to the 
current. The Joule Effect may, however, be eliminated 
fron* a demonstration exp. by passing current through 
two adjacent junctions (fig. 127). (1) W to A on the 
left, and (2) A to /i, cold {C) being developed at the first and heat (H) at the 
second by the Peltier Effect, while the Joule Effect will go on equally at 
both junctions. If these junctions are placed resjX'ctively in the bulbs of a 
differential air thermomehT, only the Peltier Effect alttus the position of the 
mercury index which therefore moves to the left. 



Fig. 126. 



85. T 3 rpical Problems on Heating and Power. 

Example i. _ 

A current passes along a spiral of wire immersed in water contained in a 
calorimeter. Calculate 4he p.d. between its ends from the following data: 
Wt. ^ calorimeter =20-2 gms. 

Water equivalent of caloriineter=:2gms. 

Wt. of caloriiiAter + water .'=218'2 gms. 

Current registered by ammeter =2 amperes. 

Temp, at beginning of experiments 16° G. 

Temp, after 15 minutes = 17° C. 



152 


Electricity and Magnetism [ch. vin 

Eqaiv. wi of waters 200 gms. Heat developed in 15 mine. oaUi. 

Now V JH^ECt, f 

and when H is in cala., C in amps., E in volts, J=:4*2. [See § 81.] 
4-2x400=A’x 2x15x60. 

?. B = ‘03toU. 

Example ii. « 

A 40 watt lamp is connected to a 220 volt supply cirouit. How mnoh 
current will it take and how much will it cost to jun for 20 hrs. at 8a. per 
Board of Trade unit ? 

Watts - amps. >♦ volts. [§ 80.] 

.‘.40 = 220 x 6’. , 

6’ = = (■-*, amp^ire. 

I Board of Trade uiiit = l kilowatt x 1 hr. 

No. of H.T.u. consumods 115 x20 -/(js '8. 

• .‘. Cost s ‘8 X 8 ~ 6*4 pence, 

j Example Hi, < 

An electric radiator which takes 1*5 kilowatts is connected to mains 
which supply electricity at 200 volts pressure. Calculate (i) the strength of 
the current passing through the radiator, (ii) the resistance of the radiator, 
(iii) the number of calorics of heat produced in 1 hour. 

(1 cal.s:4‘2 Joules. 1 watt=l Joule per second.) O.L.S. 1920. 

Watts = amps, x volts. , 

1500=6 X 200. ‘ 


.'. 6 ’= 7*6 ainp4rM 

C-^. ..7o- . 

B=:a6*6 obnu 

1 watt = 1 Joul^per sec. 

1*5 X.W.= 1500 Joules per sec. 

= 1600 X 60 X 60 Joules per hour 
1500 x 60 x 60 
* 4-2 


..(ii). 


■ cols, per hour 


= 1986714 eala. 
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Questhm VIII 


Qurstions on Chapter VIH 

1. What is meant by tlie term “ MechanicaJ Equivalent of Heat ”? 

In th|^ connection, define the units calorie, erg and Joule. 

Obtifin a relation for the heat developed in a conductor carrying an 
electrjc current. Bo careful to state the units in which you are working. 

2. How would you prdbeed to discover experimentally the connection 

between the heat developed in a coil of ^vire and the current passing through 
it ? Describe in detail the precautions you would take to ensure an accurate 
answer. • 

3. An electric current is passed along a chain composed of alternate links 
of platinum and silver. The platinum links glow brightly— why is this? 

4. Two equally long copper and silver wires are suspended fram two 
supports and are so connected that a current trav<!lling along the copper wire 
returns along the silver. It is found that the copper wir^ sags. Give a reason 
for this. 

The current is now caused to flow along both wires in parallel and the 
sWver wire sags. Why is this ? 

6. Explain why heat is developed in the wire filament of a glow lamp 
whilst the leads are quite ^ool. 

6. What is the function ^f tho “ fuse” inserted i*n an electric lighting or 
power circuit ? 

7. A light calorimeter contains 1^ gms. of water at 10° C. A coil of o.h. 

wire is immersed in the water and a current of 1 ampere is passed through, 
the r.D. betw'een the ends of the wire being 28 volts. Calculate tho tempera- 
ture at the end of 5 minutes. , 

8. A coil of wire of resistance 3 ohms is placed in a light calorimeter 

containing 400 gms. of water. Find the current required to raise its temper% 
ture 6 degrees per minute. ^ 

9. Oalci^te Joule’s Equivalent from the following data : 

Equiv. wt. of water = 100 gms. 

Initial temp. = 15°C. Mean del^ection of galvanometer*= 25°. 

Final temp. =28°C. Reduction Factor of galvanometer for prae. units 
of current =3'24. - ^ 

Duration of exp. =40 mins. Resistance of coil = 1 ohm 
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10. Define watt, kilowatt, horse-power. State the relation between the 
watt and 1 h.p. What ii.p. will be required to maintain a 60 c.p., glow lamp 
taking H watts per candle power? If the p.i>. between its terminals is 236 
volts, what is the current passing through the filament ? 

11. What is the Board of Triulo unit of electrical energy? The electrical 
installation of a house consists of 30 Tungsten lamps each of 50 q.p. and 
taking I'f) watts per candle power. If the mains supply 220 volts pressure, 
what is the current required to light all tlie lamps? If the Board of Trade 
unit is f)d. find the coat per hour. 

12. Define the terms ampere, ohm, volt, watt and state in what relation 
they stand to the corresponding c.o.s. units. 

An arc lamp takes a current of 7 amp<Ves with a p.d. of 65 volts between 
the carbons. What is its apparent resistance and what power does it con- 
sume? L.M. 1918. 



CHAPTER IX 


POTENTIAL, CAPACITY, CONDENSKHS, ELECTIiOPllOlU’S, 
• INFLUENCE MA( TUNES 

86. Charge and Potential. 

In >5 3 a conductor is defiiu'd as a suhsUnco whirh readily 
conveys electricity. The electrons in a conductor are therefore 
free to move in any direction. We have also seen that the mutual 
repulsion between elections constitutes an electric pressure or 
potential comparable to hydrostatic pressure in a j^as. 

Consider a spherical conductor (Fig. 128)charged with a surplus 
of electrons (- ve) and placed in the (“entre of a larger room. This 



Fig. 12H. 
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- ve charge induces an equal and opposite charge on the sides and 
walls which are earth connected ; lines of force are ^retching 
between each electron and its positive counterpart on the walls. 
Now lines of force may })e likened to elastic strings; there is 
a force or tension along these strings due to the mutual attraction 
between the electrons and the induced + ve charges on the walls. 
There is also a mutual repulsion between each electron and those 
on the remaining parts of the conductor. Hence the electrons 
have a tendency to leave the conductor, btiing urged by forces 
which constitute a pressure called jmtentiaL Potential may 
therefore be defined as the measure of the condition of a body 
by virtue of which electricity tends to flow from the body to the 
earth (zero potential). 

Positive Potential : the potential of a conductor is said to 
•be + ve wlien the positive direction of the current is from the body 
to the earth (i.e. the electron-flow is from the earth to the body). 

Negative Potential : the potential of a conductor is — ve 
when the electron-flow is from the conductor to the earth. * 

An tlcctroMOpe pot«ntial. 

It is important for the student, at this stage, ^o realize that the rise of 
the leaf of an electroscope is a measure of its potsntial rather than its charge. 
For in Exp. (ii), § 7, when the ebonite rod is brought near the electroscope the 
leal rises although the electroscoiK) is on tbe wbole unebarged, whilst when 
the electroscope is “earthed,” i.e. brought to zero potential, the leaf falls, 
allbough there is still a large -{ ve charge on the knob K. The rise of the leaf 
of the electroscope is due to tlie tendency of the ele drons to go to earth- 
lines of force stretching betweoti the negatively charged leaf and the earthed 
portion of the jacket of the clectixMcope. 

^An electroscope can only be considered to measure charge when it is 
remote flrom oth^r charged bodies. 

87. The potential of a charged «conductor it the 
■ame at all points on its surfhee. „ 

This follows frera the definition of a conductor, for the electrons 
being free to move must eventually conic to rc»t in positions where 
Uieir hiutdal re^iulsiona or pressures balance. 



86 - 88 ]. 


Capadty 


167 


Bzp. (t). Charge the pear-shaped iusnlated conductor * in Fig. 1^20 nega- 
tively removing all other neighbouring 
charged bodies. Attach one end of an 
insulated ccl|)per wire to the knob of an 
electroscope, and move the other end along 
the surface of the conductor. The rise of 
the leaf is everywhere the same. 

Oicp. (11). Bepeat Exp. (i), clamping 
a charged rod in a bwette stand and 
placing it near the conductor. 

Bxp. (Ill), liepcat Exp. (ii), using a ^ ^ . 

bollow conduoter, and show (bat (be iwlen- * 

tial of its inner surface is the same as that Wire moved by an Ebonite 
of its outer surface. Ilod D. 



88. Connection between Charge and Potential 
Capacity. 


Bzp. Support a hollow metallic 
outside surface being connected to 
an electroscope by copper wire. 
4i0wer a charged ball into the can 
by a silk thread and allow it to 
touch the inside of the can. Observe 
the rise of the leaf. •(Remember 
rise <r potential.) Double ftie charge 
on the can by repeating the process 
and again observe . the defiectio||. 
Continue the experiment with a 
steadily increasing charge on the 
can. 

Relationihip between 
potential and charge. 

It is found that the poten- 
tial ii proportional to the 
charge, t.«. • 

potentflil ( K) oc charge ((?j, 


can on a sli^ of paraflln wax, its 



Fig.JSO. 


i,e, 

* In all experiments in Electrostatics, it is essential t&t all\be apparatus 
should be kept absolutely dry, and as warm as possible without injoiing the 
•pparatns. ^ • 
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whei’e P is a constant depending on the shape, size and positior 
of the conductor. 

(a) CV =Q^ (h) capacity. 

This constant (6’) is called the capacity of the conductor and 
equals the ratio of the charge on a conductor to its potential. 

It can now bo understood why an electroscope may sometimes be used to 
measuro the charj^o Kiveii to it. For if there are no other elnrged bodies near, 
this chai'Ke distributes itsolf over the conducting surface of the electroscope, 
and since potential is prupurtionnl to charge, the latter may be measured by 
the rise of the leaf. 


89. Surface Density. 

Alt^liough the potential of a conductor is uniform at all points, 
"it by no ineans bdlows that the electrons di.stribute themselves in 
a layer of uniform cleiisity along its surface. In fact this is seldom 
the case : for in an ii-regularly shaped conductor the electrons 
tend to crowd into cho more pointed portions of its surface. 


. .. 7 

t/ 

Kig. 181. 


The BUrfkce density or tho amount of 
charge per unit area of a conductor may be 
investigated by means of the proof plane. 


(Fig. 131.) 


Bxp. by mcaus uf bcaling wax attach a small circular piece of copper foil, 
about the size of a sixpence, to the end of an ebonite rod. Charge the pear- 
shaped conductor in § 87, and, holding the prool plane by its insulating 
handle, place the copper disc ib contact with a portion of the surface of the 
oouductur. Now the charge on a conductor resides on its outer surface [§ 9 (d)], 
tl^refore the charge on the surface in contact with the disc is acquired by the 
latter; if now tb. knob of a distant electi^oscope be touched by the disc of the 
proof plane, the charge on the disc may 1^ measured by the rise of the leaf. 

It is found that the rise is greater when the proof plane has been in 
contact with the pointed portions of the conductor than when it has been in 
contact with the more rounded portions. ., 

This result is in acoonlance with the electron theory ; for an electron in 
die mefte pointed {[lortions is in equilibrium under the various repulsive forces 
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exercised on it by the electrons in the remaining parts of the conductor. 
This condition could only exist, if the pressure due to the electrons spread 
over the greater area of the rounded portions were balanced by a pressure 
due to a greyer charge concentrated on the sniallcr areas of the more pointed 
portions. 

Action of Points. 

have seen above that the surface density of the charge on a conductor 
is a maximum on the n^ost pointtul portions of its surface. Where the 
surface actually comes to a sharp point, this concentration may be so great 
that the particles of air in the itniuediate vicinity actjuirc some of the 
charge and are impelled away from the point along lines of force stretching 
between the conductor and the sur- 
rounding bodies. This is known as 
a “brush discharge” or “electric 
wind.” The glow of the di.scharge 
may be observed in tho dark around 
thcf>ointcd portions of any electrical 
machine in action*. It is therefore 
necessary to avoid all sharp (Kiints in 
the construction of electrical imstru- 
Ihents, condensers or aerials, which 
are designed to retain charges of elec- 
tricity ; on the other hand, use is made 
of the action of points wBere a quick 
discharge of electricity is required. 

Bxp. Fix a needle, bent once at right angles, to one terminal of an 
electrical machine (Fig. 131 a). Hoft a lighted einidlo near the needle point 
and work the machine; the rush of charged air particles, constituting the 
brush discharge, is sufficiently strong to blow tho ffame away. 

9 

90. Experiments on Capacity. 

Bxp. L From an ebonite rod D fixed between two insulated stands ^s 
suspended a rectangular sheet of tip-foil weighted at one eilfl with a piece of 
glass tubing. Two silk fibres attached to this glass rod are threaded, as in a 
Venetian blind (Fig. 13*2f, through holes in the foil and joined together at D. 
The foil is cfnnected at .d to an electroscope by means of p wire thread. 

* Visible during thunderstorms from Ughtning-cynductors and mast- 
heads (St Elmo’s Fire). 




Charge the foil by drawing an electrified ebonite rod over its surface an 
note the rise of the leaf. Decrease the area of the foil by drawing up the sil 
thread at D and observe that the loaf of the olectrosoope rlaas. 

[Note : the charge on the foil being the same, the potential has risen 

therefore the capacity baa decreaacd.] 



Bxp. IL A soap bubble is blown on the end of a glass tube bent once at 
right angles and passing into a water trap (Fig. 183), the other tube of the 



trap being connected to a piece of rubber tubing provided with a Mohr clip, 
the aj^paratus be\Dg fitted to an insulating stand. 
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A piece of copper wire is wound round the tube at A and is connojcted to 
an electroscope. Charge the bubble by touching the wire with un electrihed 
rod. Lower the pressure of the gas inside the bubble by openiiig the clip ; 
the reduction the size of the bubble is aceonipanitul by u rise in the leaf of 
the electro.scope {i.e. capacitij of bubble is dcer^ised). 


Bxp. yi. Suspend, opjaisite to the rectangular sheet of foil .1 in Exp. i, 
a siuiila* piece II which is connected to 
earth by a wire K (Fig. 131). P 

N(^ice tliat the loaf of the electro- P I i® 

scope falls when I | 


(«) Ji is brought nearer to A (i.e.* 
capacity has ine^asad), 

(b) a slab of paratlin wax P (or 
glass or ebonite) is inserted between the 
two surfaces ; 

and rlMi (i.e. capacity has decreased) 
when 

(c^ the area of the surfaces over- 
lapping is decreased, 

(d) the distance between the .surfaces is increased. 

• This proves that the capacity of the systiun is Increased by the presence 
of the ** earthed ” sheet of foil and by the insertion of (he slab tf insulating 
material. 



Bzp. !▼. Compare thm total charge which can he given, before leaking 
occurs, to the sheet .1, • * 

(a) in the presence of li, (b) in the absence of /», (r) in the presence of P 
and B. 


91. CondengerB. 

An arrangement of two parallel metallic plate.s, one of which 
is charged and insulated, the other ^‘earthed,” constitut(3s a 
condenger. Our experiments have proved to us that the capacity 
of a conducting plate is greatly increa.‘«ed hy the pr|fHence of th® 
earthed plate (Fig. 134). For* when li is near A, a charge of 
opposite sign is induced on the earthed plate. Lines of force 
stretch acr(^s the space between the plates, '‘binejirig' or “con- 
densing” some of t^e charges t)n A to their counterparts on B. 
The potential of .4, the tendency of its charge to flow to earth, is 
thus considerably lessened, i.e. its capacity is increaSed. The Iflect* 

11 


B.K 
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is more marked when certain insulating substances, such as glas 
paraffin wax or ebonite, are made the media between the platee 
this medium is culled the dielectric. 

The Capacity of a condenser 

K X area of the plates 
distance between the plates ’ 

».«. c «c , 

where K is a constant (called the Specific Inductive Capacity 
depending on the inductive properties of the medium betweei 
the plates. 

The Specific Inductive Capacity of a dielectric is th< 
r-atio of the capacity of a condenser when its plates are separatee 
by the given dielectric, to its capacity when air only is between. 

Table of Specific Inductive Capacities. 

< Air ^ 1 

Glass 1)9 Mica 6*33- 80 

Ebonite 3-15— 3-48 Paraffin 2-29 
From this tnblo it is evident that the capacity of a condenser is greBtl3' 
increased by the presence of a suitable dielectric, c.g> glass or mica. 

Types of Condenser. 

Tli« Leyden Jar. A glass bottle (Fig. 135) is coated both inside and 
outside with tin-foil to within a fey inches of 
its unifier edge. The remaining portion of 
its Hurface is painted with shellac varnish. 
A metal rod furnished with a knob passes 
through au insulating cork and makes con- 
tact with the inner coating on the bottom 
of the jar by means of a chain. The two 
coatings of tin-foil, the outer of which is 
usually connected to earth by means of a 
strip of foil, correspond to the two plates 
of the condenser already described (Fig. 188) 
with glass between as the dielectric. The 
condenser is charged by connecting, the 
knob to an electrical machine, e,g. iodno- 
*^tion 6oil ok Wimshorst machine [§98j. 
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« 

Baq^ From the secondary terminals of an indnotion coil lead twe pieoes 
of fuse wire each to one of the knobs of two Leyden Jars— >tbe knobs being 
bent close to one another forming a new spark gap. On working the coil the 
sparks are noer less frequent but much “fatter” and more brilliant. 

A battenr of Myden Jan in ParaUeL * 

Leydeg Jars may be connected “ in parallel” by joining their knobs by a 
conducthig wire, their outer coatings resting on a thick strip of tin-foil. We 
have yius virtually increased the area of the plates; if C is the total capacity 
of the system, n the numbe/ of jars, c the capacity of each jar, then 

0=:ne. 

The Condenotr of an Induction OoU (Fig, 136) consists of a large 

number of sheets of tin-foil separ- 
ated by alternate sheets of waxed 
paper. At one comer the waxed 
sheets are cut sway together with 
the odd numbesed sheets of tin- 
foil, leaving the corners of the Fig. 136. Section of induction coil con- 
even lumbered sheets of foil to denser. - • - waxed paper. — foil, 
be joined together to form one plate of the combineef coudenser. At the 
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opposite corner the even numbered sheets of foil are cut away and the 
odd numbered sheets fastened together to form the other plate of the con* 
denser. [See § S8.J 

Variable Condensers. 

Variable condensers for use in Wireless Telegraphy and Telephony are 
easily constructed from materials supplied by an electrician. Several semi- 
circular aluminium plates A (Fig. 1H7) arc supported by suitable rods, and 
are set parallel to and above oixi another, at a sullicicnt distance apkrt to 
allow a second set of plates li fixed on a conducting spindle S to rotate 
between them without touching. Tljc plates of each set arc electrically con- 
nected but tlie sets themselves are insulated from one another. Together 
they form a condenser, the capacity of which can be varidd by rotating the 
spindle by its insulating handle //, thereby alhiring the effective area of the 
plates. 

A scale G marks the capacity of the condenser, corresponding to the 
variourf positions of II. 

B_ ^ A very simple variable condenser (Fig, 138) 

j made from a glass tube or an old ebonite 

. , , bicycle pump, coated on the outside with tin-foil : 

Fig. 138. if, brass tube. , i , i n m • j f • 

O.Kla»8tttb6ooatcdwith '<"■““ ‘I** “““ 

tin. foil. coating of the variable condenser. • 


92. Electrical Machines. 


Th« Xloctropliorua. Into tiie lid of a roupd mustard tin pour some 
molten shellac or resin &nd leave it to harden. , Obtain a metal disc (Fig. 139) 
of approximately equal diameter and at its centre attach an insulating handle. 
Charge the resin slab ne(j<aiveln by flicking it with fur and place the disc on 



(“*• 4 -h) 



Fig. 140. 
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the nlab. This disc may now be coneidored to bo separated from tlio slab by 
a thin layer of air, as it touches at a few points only the itMuIatinfj siibstanoe 
in the dish. Earth the net^ativc charge which is repolled to the upper surface 
of the disc, i^ift the disc by its iusulating handle (Fig. 110). Test the sign 
of its charge ( 4- ve) by bringing it near a charged ehM-truscope. 

The ahj^rge on the disc may be given to another body by conduction and 
the operation re|)eated almost iudetinitel3'. The process of earthing can be 
eliminated by driving a, small metal peg P (Fig. 110) tbrotigh the resin to 
make contact both with t]^e disc and the earthed jack<>t when the former is 
placed on the slab of the electrophorus. 

It will be noticed that the charge on the slab remains practically the same: 
the source of tl ^ electricity induced on the disc must therefore bo due to the 
work done by the operator in lifting the disc from the slab, i.e. in overcoming 
the mutual attraction between the induced and inducing charges. (§ G.] 


93. PrUiciple of Electrical Influence Machines. 

The principle of the tnurc iinport^iiit elcctricnl influence 
inuohine.s may be readily understood by r<*feiTing to Fig. 141! 
A and Ji arc two conducting spheres wliicfi are (a) placed in 
j)Ositioii touching oppo.site 

ends of an insulated con- ^ 



A/ \B 

yM’ 


Fig. 111. 


- N 


ducting wire x ; {b) carried 
along paths' indicated by 
dotted lines in the figUiO .so 
as to pass through holes 
in two hollow conducting 
spheres M and N, which, 
fixed in position and insulated, have fle.xible wires {S^, pro- 
jecting inside the spheres. I^et N tiave. a small - vc charge. 
When A and li are connected by a:, electrons ure repelled into A 
leaving B positively charged by induction. Suppose A and Bahe 
now taken along their respective paths, then as they pass through 
the holes in J/and touching the small springs and aSij, they 
leave behind them [§ 9] their respective induced charges, thereby, 
as the process if^ repeated, •increasing indefinitely the charges 
already on the hollow spheres. 

^ The paths do not lie in the same plane. 
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The Replenieher. 

This instrament was designed by Lord Kelvin in 1867 for use in main- 
taining at a fixed potential the charge on certain electrical instruments. 

A and B (Fig. 142) are two cylindrically shaped pieces of mSUl, insulated 
from one another and each fitted with a spring (a, h). An ebonite rod, which 
can be rotated about a vertical axis, carries with it two curved pieeeA of metal 
CjCg fastened on the ends of an ebonite arm projecting at right angles from 
the rod. Two springs c^d], connected by a wire, make contact with Ci afid 
during a portion of their revolution. i 



pieces of metal Cj, touch the springs Ci, di ; a negative charge is thus in- 
duced on Cl leaving Cg positively chargeU. During the subsequent motion of 
the spindle these charges remain on C'p Cg until the latter simultaneously 
touch the springs a and b when the charges are imparted to A and B. The 
ohaiges on A and B therefore gradually accumulate while the spindle is 
being rotated. 

• The Wlmihunt Machine. 

Two olroular plates of glass, coated with shellac varnish, are mounted on 
axles so that they revolve parallel and close to onf another, but are geared 
to rotate in opposite directions when the handle is turned (Figy^l4S). 

Professor 8. K Thompson has explained the action of this machine by 
supposing the discs to be replaced by two co-axial o^inders revolving one 
wit^n the other in qpposite directions. In Fig. 144 ia depicted a vertical 
BMtion* the dark lUes representing the metallic sectors. 
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Thin strips of metal are fitted radially on the outer surfaces of these plates 
and in their rotation are lightly touched by fine metallic brushes fitted into 
the ends of the conductors I{*S\ P‘Q' (Fig. 144) which are fixed diagonally at 
right angleason opposite sides of the plates. Two metallic collecting combs 
A and B embrace the plates, without touching them, at the ends of a hori- 
zontal diameter and are separately connected to the brass discharging knobs 
of themaohino. 



Suppose a small negatire charge be acquired by one of the sectors ‘ on the 
under side of the inner cylinder. In its rotation it comes under the sector 
Ji' repelling electrons to the sector S' leaving It' positively charged. Each 
onter sector in turn moves on from S' in the direction int^pated by the Idirest 
arrow, and presently comes under the comb B where it is disoharged by a 
positive wind from th# meshes of the comb, electrons in excess being left on 
the comb^tnd on the knob connected with it. In the meantime the strip 
Bf has come under the comb A from which clectrons*prooeed in a bmah 
• 

1 When starting the machine, it is often necessaiy to hold an ebonitejrod 
rubbed with flannel near the rotating discs as *' excitant.” < 
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diBobarge, leaving the comb A and the attached knob + vely charged. This 
proceBsls continued indefinitely as the plates rotate. 

The student is advised to stndy the effects of the charges on R' and S as 
they come opposite to F and B' and follow the action of the machine through 
at least two complete revolutiens. 



94. Lightning and Lighting Conductors. 

It is diiliouU to explain the origin of the enormous differences of potential 
which occur in Nature during thunder-storms between neighbouring clouds or 
between a charged cloud uiid the eartli. Tlie latter case may be regarded as 
that of a condenser on a largo sftale with the cloud as one plate, the earth as 
the other, and the air as the dielectric between. Whim the potential difference 
between them ia sufiiciently high the insulation of the air breaks down and a 
discharge of clecti^'^lty follows in the form of a Hash of lightning the daration 

of which is of the order of ^ The flash my bo more than one mile 

in length. This enormous current heats the air in its path causitsg a sadden 
expansion with sub'sequent contraction ou»cooling which produces a partial 
vacuum into which the lurrounding air rushes with tremendous force. These 
sudden expansions and contractions of the air result in the noiM aV 
thunderclap. * 
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The electrification of cloudn was inveBti^atod by Benjamin Franklin (1749) 
ill his fainouB kite experiments, by which he proved that the properties of 
atmospheric electricity and those of the electric current were identical. 

To proteA a building from destruction lightning, a broad band of 
iron is fixed to the outside of, but insulated from, the building. One end of 
the ban^ is fixed to a metal plate buried in wet earth ; the other is carried 
to the highest portions of the building where it tt'rminatcs in rods furnished 
withvharp points. The path of the liijhtnimj coinluctor from these points to 
the earth should be as direct as possible. 

The action of points is well illustrated by the lightning conductor; for 
the presence of a neighbouring charged cbmd causes a stream of opjxisitely 
charged particl^.s to flow from the points, thus gradually discharging the 
electrification on the cloud. If, however, the potential difference is so great 
that a spark discharge takes place, the conductor offers a straight path of low 
resistance along which the charges can flow or oscillate without damaging 
the building aiM its surroundings. 


Questions on Chapter IX 

* 

1. Given glass tubing, some copper wire, silk thread, pith balls, etc., 
devise a form of apparatus for investigating the aitangement of the lines of 
force in an electric field. 'Draw diagrams (Showing the results that would be 
obtained using (a) equal lila charges, {b) equal uulfke charges. 

2. Describe experiments to show clearly the distinction between potential 
and charge. How would you compare the densities of the charge on two 
small areas of surface? How can there be a difference of density where there 
is no difference of potential ? O.L.S. 1920. 

• 

3. What is meant by “the surface density at a point”? You are given 
an insulated charged hollow pear-shaped conductor in which a hole has been 
drilled at the top. How would you proceed to investigate (i) the surfaee 
density of the charge on (a) the outside, {b) the inside snffaces of the con- 
ductor, (ii) the potential of (a) the outside, {b) the inside surfaces? What 
results would you expect^ Give your reasons. 

4 . Yon are given a charged imulated conductor A and an uncharged 

hollow conductor B. fiow would you proceed to obtain* on B a charge of like 
sign twice that on A? Would your method give accurate oj^only appro|inia4i 
results? * 
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5. A. body is charged to a potential of V units and possesses a charge of 
Q units. Explain fully what is meant by these statements. 

In what oircumstanoea may (a) a body possess a charge and be at zero 
potential, (b) be uncharged and yet have a potential differiiig from zero? 
L.M. 1918. 

6. A and B arc two parallel conducting plates each separately con- 
nected to an electroscope. If A is charged and insulated whilst B is earth 
connected, draw diagrams of the lines of force between A and B^ *^hen 
(a) they are some distance apart, (b) they are neaiPto one another. Give the 
indication of the electroscopes i n each case. What effects follow the insertion 
of a slab of paraffin wax between the plates? 

7. Define capacity.’* Describe some simple experiments to illustrate the 
action of a condenser. Explain how the leaf of an electroscope may be 
caused to diverge using a Daniell’s cell as the charging agent [g 14]. L.M. 
1918. 

t 

, 8. Draw a sketch of a Leyden Jar, and state why its capacity is incr^sed 

when its outer coating is effectively connected to earth. 

9. A roll of tin-foil is held in an insulating stand. It is then unrolled and 
placed on a thin slab of paraffin wax lying on the ground. Account for the 
large differences in the amount of electricity which can be given to the fo9 
in the two positions. 

10. A strongly electrified glass rod is fixed in, an insulating stand. An 
experimenter holds his hand near the rod and« drops pennies into a hollow 
can which rests on an ebonite block vertically below the rod. Account for 
the charge acquired by the can. ^ 

11. What is meant by the '* action of points” and in this connection 
explain the working of a ” lightning conductor ” ? Devise laboratory experi- 
ments to illustrate on a small scale the action of a lightning conductor. 

12. What is an eleotrophorua? Describe its action, illustrating your 
answer by diagrams showing the electrification of the separate parts during 
the various stages of the experiment. 

18. Describe and carefully explain tlie construction and mode of working 
of some electrical machine. 



CHAPTER X 


TUC GENEKATTON AND PRAOTKJAL APPLICATIONS 
OF ELECTKKRTY 

95. The D3rnaino. The dynamo j^vcs us a moans of trans- 
forming tho rnochanical energy ‘of a steam engine, turbine, or 
water wheel i/ito the energy of the electric current. Cabhis convey 
the current through small or great distances as may lx? required, 
but at any point in the external circuit the current may be used 
for heating a^id lighting or directed thmugh suitjibUi machines for 
power development. 

Earth Inductor and Simple Dynama(FigH. 1 45 a and 6). 

Demonstration. AJi is a rectangular coil x made 
M 25 tunis No. 26 copper wire. A knitting neetlle is used as the 
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electropiagnet operated from the lighting mains. The ends of the 
wires from the coil are securely fastened to two brass slip rings 
(Fig. 146 a) which are insulated from the 
knitting needle by ebonite cores, ^ight brass 
or copper strips rest on these slip r^ngs and 
connect to two terminals from* which 

leads run to a micro-ammeter M. • 
Slowly but steadily rotate the coil by 
means of tlje handle from the vertical position 
tlirough the horizontal until ^ it has passed 
through an angle of 1 80“. The needle of the micro-ammeter moves 
in one direction at fii*st slowly, then more rapidly as the plane of 
the coil passes through the horizontal position and afterwards the 
needlOigradually comes back to zero. On continuing the rotation 
•of the coil through the second half of the complete cycle the nefdle 
moves in a Himilar*manncr but in the opposite direction. 

(1) Having turned on the cunent through the electro-magnet, (2) repeat 
this experiment-— turning the handle more rapidly. Explain the effec^ 
produced. 

We have seen in 4 1 (6) that when a wire or conductor is moved 
so that it cuts lines of force tn a magnetic field, an electric current 
is induced in it, the direction of the current being determined by 
the extension of Amp^iro’a rule. 

Let Fig. 147 (a) represent the rotation of a wire or conductor through the 
magnetic field produced by two magnetic poles N, S. Starting from position 1, 



a h 



Fig. 147. 
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it is easily seen that the wire is moving along lines of force, not catting 
them, and therefore no r.m.f. is produced. As it rotates, thestrengCli of the 
field increases, and with it the resultant k.m.k. which is proportional to the 
rate of cutting lines of force [§ 58], until in position 3 this k.m.f. is a maxi- 
mum. As the wire moves into position 5, tli© k.m.f. gradually weakens to 
zero. Ugder the S-pole the process is repi-ated the current direction being, 
of course, reversed. 

Hig. 147 {h) shows the changes in the induced k.m.k. corresponding to one 
complete revolution. , 

The rotation of the coil through 300° in this exp. gives us a complete 
electrical cycle and, as will he seen on Reference to Fig. 147 (5), an alternating 
current is jtrodJlcod by the revolution of tlje coil in the field formed by the 
two magnetic poles. Thi.s current changes twice in each complete revolution 
from zero in the vertical position to a maximum in the horizontal. 

A coil in the KartKs 

field iilono is called an Earth 
Ilihuctor, hub a coil rohited in 
u hold incimsed hy means of an 
electro-inagnct i.s a d]rnamo in its 
Simplest form. Tn a dynamo, the 
rotating coil is called tlic armature 
which in its rotation cuts the 
magnetic field produced hy the 
Field Magnets. 

The Simple Commutafbr. 

When a direct current is re- 
(juired in the external circuit, a 
split ring commutator (Fig. 14G b) 
is substituted for the two slip 
rings. The action of the commu- 
tator. is readily understood on 
reference to Fig. 148 (a), for, if 
A BCD r^resents the coil, then 
when AB comes \pider the N*-pole 
the current generated in the coil 
by the rotation flows from Bio A and out of thelnacMne through 
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the brush iF(+), whilst if CD is under the N*pole (Fig. 148 h) the 
current now flows from C to i> and out through the brush E 
which therefore is still the positive brush. When .a commutator 
is used, the rise and fall (jf the induced e. m. f. is as represented 
, in Fig. 147 (c). 

On consideration of the curves showing the B. m. f. pr(*iuced 
by a simple dynamo, it is evident that owing to the corresponding 
fluctuation of the current, a dynamo of this description is of little 
use for either lighting or heating. If however a number of wires 
or conductors are fitted round the armature a^ regular intervals, 
and connected in series, the current is not only greatly increased, 
but is much more uniform, for when the b. m. f. of one coil or 
conductor is least, the e.m.f. of another will be approaching a 
maximum. 

9 

96. The Drum Armature. * 

u 

The Drum Armature, in direct current machines, is constructed 
on this principle and has now completely superseded all other types. ^ 



jPig. {49. dmall portable dynamo showing drum srmatore with slots, 
i, Dram armature. D, Field Magnets. 
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In this armature, grooves (Figs. 149, 150) are made parallel to the 


axis of rotation at regular in- 
tervals along the curved sur- 

1 2 

* 

I 

m 


face of a laAinated cylindrical 
iron core which rotates be- 

tween^^e field magnets* The 



conductors, which are usually 
thick strips of copper, ^re laid 
in these grooves, and are suit- 

11^ 

H 

ably insulated from* the core. 



The strips thus form sets of 

- 

coils which are connected in 



series, by methods varying 

Fig. 150. 



with the particular (hjsign, Ut the commutator wliicli is situated on 



Fig. 151. Large direct current Generator. F, Bnishef. C, Commutator. 
D, Drum armature sl^pwing windings. F, Field Magnets. 
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one side of the drum. Fig. 147 may now be used to represent 
an armature with 8 slots, whilst Fig. 150 represents an end view 
of a drum armature with 12 .slots which requires a commutator 
with six sections. ^ 

Imagine the drum (Fig. 150) to be rotated in a counter-clockwise 
direction, and apply the rule in § 41 (h) or 54 ; a direct current 
will be collected by the brushes, the current entering the external 
circuit from the brush marked +. 

The segmented commutator. 

In modern industrial practice the number of conductors wound on an 
armature is very great, necessitating a commutator of many sections 
(Fig. 161). The making of a commutator requires careful design and clever 
workmanship in order that it may work efficiently at very high speed, e.g, 
600 revolutions per minute. It is built up of copper segments, with mica 
insulation, held together by clamp rings, which again are insulated from the 
copper by mica cones. Brushes of high grade graphite carbon are mainly 
used. In a good commutator sparking between brush and commutator should 
be hardly perceptible.' 

97. The Field Magnets and Winding of Dynamos. 

In many dynamos the current required by the field magnets is 
obtained from the dynamo itself by “tapping” or “shunting” 
current from the external circuit. On startihg the machine there 
is generally sufiicient residual magnetism in the field magnets to 
generate a small initial current, which, in its turn, on passing 
through the magnet circuit increases the field, and thus creates a 
steadily rising e.m.f. until the maximum output is obtained. 

Two methods of winding the field coils require special 
attention. 

, SarlM Wlndiiis. In this method (Fig. 152 a) the field magnets are excited 
by wrapping rouni them a few turns of stout copper wire in mtIm with the 
external circuit, so that all the ‘*load^^’ current passes round the field 
magnets. The introduction of resistance into the external circuit {e.g. lamps, 

^ Lead is the fbrm given to the work done by the current in the external 
circuit. The quantity of this current at a constant pressure is a measure of 
the power r^uired to operate the lead, viz. the various motors, lamps, etc. 
of the tfreoik: 
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motors, etc.) will therefore be accompanied by a re<luction in the cyrront in 
the field coils and a consequent lowering of the generated k.m.f. It will bo 
seen therefore that a small variation in the rosislance of the external circuit 
will cause bi^clmnges in the current produced by the dynamo. 

• 

Shniit Winding. Here the field magnets are excited iiy coils consisfmg 
of a lartjb number of turns^f thin wire in parallel with ihe external circuit. 
(Fig. 1 J 2 6.) When the resistance in the external circuit is increased, this will 



Fig. 152 a. Series winding. Fig, 152 h. Shunt winding. 


cause a larger fraction of the main furrent to flow in the field coils [see § 70] 
thereby producing a stronger e.m.f. The current in a circuit n>aintained by 
a shunt wound dynamo is therefore likely to be more constant than that 
maintained by a dynamo which is “ series wound.” 

CompovLud Winding, 

To obtain a machine which will maintain a constant voltage with varymg 
loads, it is found necessary to use a small series fiehl in conjunction with the 
shnnt field. This arrangement is known as Compound Winding. 

08. Economical Diitribution of Power. 

It was found in § 80 thattin a dynamo 

Power developed = current x e.ii.p., 

i.e. WATTS = AMPfeRES X VOLfs. 


B.E. 


12 



178 


Electricity and Magnetism [ch. x 

Now one of the largest items of expense in the transmission of 
electric power from the generating station to the factories, etc. is 
the high cost of very thick copper cables ; the greater the current 
(ampi'^res) the thicker tlie.cable that is required. Consequently it 



Fig. IdiJ. Turbo-Alternator. The Stator (15,000 k.w. machine). 


is found to be*iar more economiad to use high voltages with a 
comparatively low current since a much tlqnner cable will carry 
the smaller current. ^ 

E,g. 5000 watts = 6 kilowatts - 1000 volts x 5 amperes 
^ - 100 volts X 50 amperes. 

Thus in a modern machine generating 12,000 kilowatts as high an K.M.r. 
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as 6000 volts is maintained : and even with tliis voltage the cables have still 
to carry 2000 amperes. 

99. Turbo-Alternators. 

The generation of high voltages by a direct current machine, such as has 
been described, would produce almost impossible c<»ndilions. The enormous 



Fig. 154. Turbo-Alternator. Assembling the brjtor. 

potential (pressure) diffejences between the working parts would cause leak- 
age and sparging across the brush contacts and between the commutator 
segments. In most high power machines it is now custonAry to reverse the 
conditions of coil an<k magnet by keeping the coH$ itatUmary while rotating 
the field magnets. This is effected by winding the poils round a holl^ 
cylindrical core {the stator) (Fig. 153). A rotar (Pig. 154), al elecfromi^net of 

12-2 
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two or four poles, is then spun or revolved at a high speed by a steam turbine, 
which afso, on the same shaft, works a low Toltago direct current dynamo in 
order to provide the exciting current for the rotor. A high voltage alternating 
current, which is collected without the aid of a commutato*t slip rings, is 
therefore produced ih the stator, and is sent along cables to distant sub-stations 
where it is transformed” into voltages suitable for lighting and power. 

100. Electric Motors [see also ^ 53, Exp. (iii)]. 

Exp. Place the simple dynamo described in § 95 between the 
poles of the electro-magnet (the split ring commutator Fig. 1466 
must be substituted for the slip rings in Fig. 145). Connect the 
terminals 'l \ , to the terminals of a four-volt accuntulator. When 
the current is passed through the magnets and the machine, it is 
found that the armature rotates at a great speed. 

We have seen in 40, that a solenoid through wlvich a current 
is passing behaves as a magnet possessing N- and S- poles. The 
armature is in effect a rotating .solenoid which tends to set itielf 
in such a position that its N-pole is opposite the S-pole of the 
field magnet. The momentum of rotation will however carry the 
armature past this position and bring into action the commutatdf 
(Fig. 146 6) which reverses at the same moment lx)th the direction 
of the current and the pola^rity of the roti^ting solenoid. Hence 
this rotary motion is* continued in phasie of half revolutions by 
the automatic action of the commutator. 

Any suitably designed dynaito can therefore be used as a 
motor, provided that care be taken to prevent too large a current 
from passing through the coils when the machine is started. This 
is usually effected by a d^^ice made on the principle of the sliding 
rheostat [§ 69]. 

101. Tl\e Magneto. 

The gases in the cylinder of an internal combustion engine, e.g, the petrol 
motor of an automobile, are exploded by means p( an electric spark. It is 
often inconvenient to carry on the car an accumulator foe. providing the 
necessary current and it is therefore found advantageous to utilize the 
energy of motion of the engine in the generation of th.s current. In the mag- 
peto are embodied (a) a dynamo for the generation of the current, (b) an 
induction cUl for the transformation of this current into one of sufficiently 
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high Toltage to croBS the gap between the two nickel points of the ^parking 
plug which is fitted into the head of the cylinder. 

The magneto^then consists of a small dynamo, the armature of which is 
rotated by th^engine. Around this armature is wound a secondary coil con- 
sisting of a large number of turns of fine \s^re connccteil to a condenser. 
A rotati^ contact breakeg in the primary circuit, actuated by cither the 
engine fir an electric motor, produces an intermittent current which induces 
a cuirent of high e.m.f. in the secondary of sufiicient pressure to provide the 
necessary spark [see § .OH^at the gap situated in the sparking plug. 

A separate starting mechanism is required to provide the initial spark to 
set the engine in motion, but when once it is started the generation of 
electricity is cor tinned by means of the magneto. 

102. Electric Lighting. 

Filament (Vacuum) Lamps. 

Vacuum incandescent electric lamps are too well known to need 
a detailed description. The old carljon filament 
lamp (Fig, 155) luis long ago fallen out of uk 5 
owing to its low efficiency*, and to the steadily 
fticreasing opacity of the globe caused by the 
deposition of carlwn on the glass. This typo 
has been superjw'ded Ivy the metal filament lamp 
in which the carbon filament is replaced, ds a 
rule, by a length of drawn Tungsten wire. 

The bright grey powdcjry ipetal. Tungsten, 
is compressed in a steel mould by hydraulic 
power until the particles adliere to one another. 

They are then solidly welded together by an 
electric current, and the resulting “billet,” kept 
at a high temperature, is passed in succession 
through machines which hammer it vigorously on dll sides until it 
takes the form of a long rod. The metal is now ductile and may 
be drawn oj^t into wire of *001 inch in diameter. A length of 20 
to 40 inches of this wire is suspended in a bulb (Ffg. 156) its ends 
being connected to%he cap contacts by two platinum ‘Ueading-in’^ 

* EfiScienoys lumens per watt [| 80], 



Fig. 155. Carbon 
filament lamp. 
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wires which pass through the cemented cap. The bulb is then 
pumped vacuous and sealed off at the tip. 



103. The Oas-fllled lamp. 

The efliciency of the raetullio filament lamp has been greatly increased in 
recent years by the introduction into the bulb of the inert gas, Nitrogen. 
The presence of this gas, at atmospheric pressure, permits that the filament 
be \naintained at a much higher ttunperature than is possible in a vacuum 
and also prevent8\iombustion of the filament; consequently a much brighter 
light is given out. ^ 

104. Efficiency' of Electric Lamps. The^fiLumen.’’ 

The afllolency of a lamp is the ratio 'of the light ^iven out to the power 
expended. 

r A n^w st^idari^of Hlumination, the “ lumen,” has recently been adopted, 
which makes it possible to obtain a far better measure of the total amount 
^ EflBciency= lumens per y^att [§ 80]. 
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of light emitted by a lamp than by using the old “(handle Power unit 
which measured the illuminating power of a lamp In one dlreotlon only. 

The ‘4amen ia the amount of light falling on an area of one square foot 
held one foot^oift a standard candle. The total amount of light given out by a 
lamp is measured in terms of “ lumens ’’i^nd by coiuparison with thv electrical 
power(watts) consumed, A measure of the elViciencvof the hiinji can be ol)tained. 


• 

Table of Efficiencies. 


• 

Approx. elVicieiicy 

Approx, tempera 

Introduced 

Type o^Filament lumens per watt 

ture «)f (ilament 

1880 

Carbon 2-25 

wwc. 

19(M) 

( i r aph i t i zed Carbon • d *2 5 

IHHO^-’C. 

1905 

Tantalum do 

1950^0. 

1900 

Tungsten (vacuum) 71 

2or>(rc. 

1914 

,, (gas tilled) Pi-,*! 

2l00'’C. 


105. Wiring. 

The wiring*of a building is always carried out with (he lamps in “parallel,” 
hcjfause by this method (1) a defect or breakage in one lam)t will not affect 
the remainder of the circuit, and (2) with a constant k.m.k. supjdiod by thfl 
generator, the addition to the circuit of more lanfps does not affect the 
quantity of current passing through any particular lamp. Fig. lo7 represents 
•a system of wiring which includes tlie switch. 


To Next Point 



From Qis- board 

Fig. 157. 

1 See Experimental Science, Physics, Sect. V, Light, § 17». 
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106. The Electric Arc. (Davy, 1806.) 

Fig* 158 illustrates an apparatus for producing an electric arc 
for use in an optical lantern. The carbons are connected through 
a suitable resistance to the power mains, the thicker^ carbon to 
the positive terminal. When the carbon paints are first brought 

* together, by means of a rack and screw adjiistment, a large current 
flows which warms tlie junction ; then, wliilst the current is atill 
passing, the carbons are separated to the extent of about a quarter 

• of an inch. The discharge, which is called an electric arc, is 
characterized by intense heat and light, the main sources of light 
being the ends of the rods. 



« Fig. 158. 


Bsp. To tUuBtrmto tbe Aro. If the focussing lens of the optical lantern 
ia removed, and the arc drawn back in the body of the lantern, it is possible, 
by means of the co?jdt'n8er, to project a brilliant and enlarged picture of the 
arc on a lantern screen. It is observed that' the brighter portion is the tip of 
the positive carbon where presently a glowing orate.' of hot sabstanoe is 
formed by the impact of electrons projected at great speeds from the native 
carbon. Bubbles of *liot gas, volatilized carbon, are noticed on the negative 
pencil. Temperatures of over 3500®C. are developed ’at the end of the 
posiUve pencil and within the arc. The carbons gradually volatilize and 
bnm awa^, thb positive at the greater rate ; it is therefore necessary to 
keep them at the correct distance apart by hand adjustment or by s om e 
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suitable mechanical device worked by the current itself. In optical lanterns, 
the positive carbon is made with a core of soft carbon to allow the crater 
to form easily, the diameter being about twice that of the negative, so that 
both may burj^a^ay at approximately the same rate. 

Parallel Oarbona. • 

The g/Jiciency of many of*the lamps is lowered by the obstruction which the 
tip of the negative carbon offers to the light emitted from the glowing positive 
cratef, so that the light is reduced in certain directions. In the “ parallel 
Arc” two long horizontal Carbon pencils aro fixed near and parallel to one 
another with their ends pointing in the^direction where the light is required. 
A suitably placed electromagnet, actuated by part of the current, produces a 
transverse magnetic field between the two carbon tips, and forces the aro 
outwards [§ il] thereby preventing it from running up the rods. By this 
method an arc of high candle power and efficiency is obtained. 

107. Tbfe Pointolite Lamp. (Ediswan Company.), 

^he great advantage that the arc 
lamp possesses as a point-source of 
light of great intensity, is that it 
allows the operator, in optical work, to 
ficus rapidly and obtain the sharpest 
definition. This advantage has been 
further embodied in the Pointolite 
incandescent gas filled lamp (Fig. ir>9), 
in which an arc is formed ketween a 
metal ionizing filament F and a Tung- 
sten bead B (the positive element^ 

The Tungsten bead becomes white hot 
and emits a light of intense concen- 
tration. As the lamp requires no 
attention when in use, it is ideal for 
optical work and for colour matching, 
gauge testing and other experiments 
where a small and brilliant source of 
light is needed. 

• 

108. Btectrlc Heating. 

Electric Kettle^ Irons, listers, Cookers and Heaters in 
general are constructed on one principle — viz. the»/ot^ 

Coils and wires of high resistance are heated by an Sectnc current 
in all these contrivances. 



Fig. 169. 
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The Electric Furnace and Arc-Welding^. 

In the electric arc very high temperatures are developed because the great 
energy of the electric current is converted into heat energy in a very small 
space ; the heat is, as it were, concentrated : this fact is utilized^in the electric 
furnace. 

In the Moman of furnace (Fig. 160), the, heat obtained from the arc, 
which is formed between two thiclT carbon 
electrodes, is reflected downwards on as cru- 
cible containing tl^^ substance to be melted ; 
or again the mixture to be fused is placed 
in a crucible, and a strong current passed 
between two carbon rods immersed in the 

Fig. 160. Electric Furnace. By proccac Calcium Car- 

bide (CaC 2 )and Carborundum (SiC) are made. 

In the Electric Vacuum Furnace of the General Electric Company, 
U.S.A.,^tho current is passed through a graphite helix surrounding the 

1 


'ft. 

•fi' '' 






Fig. 161. Welding by means of the Electric Arc. 
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object to be heated, the whole beinp; enclosed in a steel vacuum ohaqiber; a 
temperature of 4000° C. has been obtained by this inetliod. 

By means of Jhe heat of the electric arc pieces of metal may bo entirely 
melted away, m cut or welded tof^ether. In the Metropolitan -Vickers Klectric 
Arc Welding Process (Fig^lGl)an arc is formeA between a carbon pencil and 
the metaMo be worked. Ini general the carbon pencil, held by the operator 
in a specially insulated holder, forms the negative electrode, and the worked 
metat is connected to the positive pole of the electric supply. A current of 
300-400 amperes is pass^l across the arc. If it is recpiired to deposit one 
metal on a larger piece of another, small chippings of the former arc melted 
on to the latter by the intense heat of Hie arc. 

109. The Electric Telegraph. 

The Morse Writtng Instrument. The Morsp Code. 

In Line Tel^raphy, signals are usually transmitted between stations by 
the Morse Code in which the letters of the alphabet and the numerals are 
repeesented by dots and dashes (or short sounds and long sounds) according * 
to the table below. 

The Morse Code. 

N - . 

V 

T - • 

M 

L 

W 

]{• 

g 

z 

Numerals. 

1 6 



A . - 

11 

C 

1 ) - 
E . 

I . . 

S . . • 

H 

F 

K 

p 



188 


Electricity and Magnetism , [ch. 

Both a Kona Bandar (Fig. 162 a) and a Moraa Bacairlng Znatminant 

(Pig. 1626) are nsually inserted in the circuit at the various stations. The 
Sender is essentially a two way switch (Fig. 14). In its normal position the 

r» 



Fig. 162 a. A Morse Sender. 



lo<]^ Beoeiver'’ i^ connected to the line ; but when the stud is depressed a 
current can Iw sent to a receiver at a distant station. Fig. 162 c expli^s 1626. 



The Morse Sounder 
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Id the latter a }forte SomuUr is also shown which is constructed on the 
principle of a vibrating contact breaker. [55 oH.] ’ 

In the receiviiig instrument Fig. 162 c, a paper tape is unrolled at a uniform 
rate automotleally by means of a clock-work mi>chuni8m. When the key it 
pressed at the distant sepding station, a current from the line passes through 
an ele^Bomagnet E drawing down a soft iron armature A, pivoted at P 
thereby causing the inked style A’ to touch the moving paper tape. The kej 
is (ftpressed for long or short intervals, according to the code, causing 
the style A' to remain ir^contact with the pai»er for corresponding periods 
It is often found more convenient to receive signals by sound using th< 
Morse Sounder. • 



• L 

Fig. I(i2c. Z,L, to line. Diagram of Mors«* Wi iter. 


Bxp. To illuatrate the Morse Bouader. 

Alter yie connections of an electric bell (Fig. lOH) ho that the electro- 
magnet is placed in a circuit by itself coDtainini;.f 
a battery and suitable key. Remove the bell ami 
screw in a heavy brass terminal at C, so that 
whenever a current passes round file magnet the 
vibrator is drawn inwards hitting the screw (■ 
w^th a sharp tap. Messages can bo sent by means 
of this instrument in the Morse Code, the chislu-s 
and dots bei^jg represented by long and short 
intervals between the clicks; the signals being 
conveyed to the operator by sound he can give his 
attention to writing down tlie mcfsage. 

It is evident that the strength of the current 
through a (Arcuit of considerable length, extend- Electric Bell 

ing say from London to Plynsouth, would be adapted to illustrate 

insufficient to worl^a Morse soundei' or similar Morse Sounder. 

Instrument. A device known as a Belay is there- 
fore used by which a feeble current brings a stronger one into aouon. 
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Bjcp. To iUnotrato tho Poat Office Belay. 

Connect the brass screw at the end of the vibrator of the electric bell 
(Fig. 164) to the terminal if, wjhich is joined to 
one pole of a four volt accumulato[|> li, the circuit 
being completed from the other pole of the accu- 
mulator through a n^odel motor, M, fowinstance, 
to the terminal G. On pressing the key A', the 
vibrator being drawn towards the electromagnet 
makes contact at G an^thus jicrmits the stronger 
current from the accumulator to work the motor. 

In reccMit years by the use of a valve 
amplifier [§129] the relay has been modified 
for sending messages over very great dis- 

Fig. 164. Electric Bell, 

adapted to illustrate P.O. HQ. The Duplex System is a method 
Relay. B, Accumulator, , u- i . ... 

G, Leclanch(5 Battery. messages may bo sent in two directitins 

• on one wire. Fig. 165 explains this system. 
When the key at the transmitting station A is pressed, the battery at this 
station sends a current along the line wires, which are carefully suspende^ 
on telegraph poles or sunk underground as insulated cables, to the receiving 
station at J) whore it actuates a suitable instrument and returns through 






the earth by means of plates sunk into the ground. On Receiving the message, 
the operator at B can reply ; for by pressing his key a current traverses the 
oii€ait in thet opposite 'direction and works the instrument at A. 
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The 2>uplez BytUm of sending single messages on o?n? wire in oppotite 


directions is extended to include the transmission 
of two message* through the same wire, one from each 
end, at the same time. The two methods employed are 
named (a) tSe Differential and (&) the Bridge 
method. ^The principle 9f the simpler Differential 
Biratenr may be explain^ briefly by the use of 
Fig. ,166, where the simplest form of receiving instru- 
ment, a galvanometer (G), is sliown. The instruments 
are identical at the two sAtions and both transmitted 
and received currents pass through ^ach galvano- 
meter; the trar^smitted current, however, from the 
sender’s point of view does not affect the sender’s 
galvanometer, but only the instrument at the far end 
of the line. This is effected by the following deviqp. 



Each galvanom^eter is furnished with a Fig. 166. />, Battery, 

consisting of two parts wound in opposite directions, f^Aiyiistable 

in ^ne of which an adjustable resistance is placed so ^J'^rshllw direction 
that the sender’s current, producing ctiual but oppo- ^ transmitted cur- 
site forces at the centre of the coil, docs not affect rent, dotted arrows 
his galvanometer needle. The received current, how- that of received cur- 

#ver (indicated by dotted arrows in Fig. 166), passes ^ » Linewireto 

in one direction only round the coil and therefore 
affects the needle. * 


111. * The Borde|ux Systeift (O.P.O.). 

By the use of a very ingenious instrument it is possible to send five or six 
messages in the same direction on the one wire. An electrically maintained 
rotating and commutating device pffts an operator into electrical communi- 
cation with his corresponding instrument at the other end of the wire for a 
fraction of a second, during which he has time just to transmit one signal. 
The other sending instruments are similarly connected in turn, so that sup- 
posing six opei^tors are using the one wire, each can send a signal from his 
instrument every sixth interval. These intervals are short and recur rapidly 
but regularly so that the operator can quickly accustom himself to the raWof 
working and synchronize his tapping of the transmittintj instrument with 
the period during which the wire is under his sole control and is in touch 
with the corr^ponding receiver at the far station. 

112. The Microphone and Telephone! 

In the telephonic transmission of speech by electricity, use is 
made of the fact that loose carlx)n contacts ofi^r 
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of resistance to the passage of a current. As the particles of carbon 
forming part of a circuit are compressed or loosened by the vibra- 
tions caused by the voice, so the current in the circuit increases 
and diminishes. , 

Bxp. To show change of resUtanee with a varying eontaft. 

If the twdpolesof anelectricl:n]app6n- 
p dant, P, are connected in series fay^wires 

which carry tl>e current (1) through a 
carbon dlamcnt lamp and (2) across the 
junction of an arc lamp (Fig. I(i7) onlji 
a dull red glow is observed in the former 
when the carbon pencils of the latter are 
in slight contact ; but if the carbon pen- 
cils are brought more tightly together, 
the resistance is greatly reduced so that 
^g. 107. P, Pendant. incandescent lamp glows brightly. 

113. The Microphone Transmitter. " 

The vibration}! produced in the air by 
the human voice cause a carbon dia- 
phragm C’ in tho transmitter (Fig. 168 ) 
to vibrate, thereby causing variations of 
pressure on carbon granules which fill the 
space between G ambd. When the tele- 
phone is used as transmitter, a current 
from a local battery of cells is maintained 
across this space C’d, and variations in 


0 

Fig. 168. Fig. 169. 

tjiis current caij^se corresponding variations, through a transformer, 
at the receiving station. The large variations in the resistance 
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which the granules otFer cause corresponding fluctuations, in the 
current flowing into the line. 

114 . Th% Bell Telephonic Receiver w*as invented by 
Graham Bell in 1877^and is called the Telephone. The current 
from the line passes thi^)ugh MM (Fig. 109) ainl magnetizing the 
core draws inwards a sheet iron iliaphragm D, The vibrations in 
the diaphragnj of tlie rnicrophonic transmitt<*r cause rapid varia- 
tions in the lino cui Pent, and this changing cfirrent affects the 
strength of the magnetization in* the receiver, thntwing the dia- 
phragm D int^a vibration in .sympathy with the vibrations of the 
diaphragm of the transmitter. Tlie vibrations of the human voice 
are therefore accurately reproducwl in the a^ceivor. 

P'ig. 170 represents tin* connections in a simple telephone circuit in 
which the calling up boll is rung from the one station only (on tl*e left of 
th<f diagram). When the receiver on the right is on its liook, connection is' 
made with the bell circuit only and the operator at flic oilier end may he 



Fig. 170. 

rang up by preiwing^he button B. On taking th« receivtr from its hook, 
a spring puts the telephone in cirenit and releases the,beU contact ; con^- 
sation may then proceed. 


B. E. 


13 
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Bxp. To lUnttrato tho mierephoao and tolophono. 

A battery and a telephone are placed in series with a microphone, which 



Fig. 171. . 


in a simple form consists of a long carbon 
pencil resting loosely between two con- 
ducting supports (Fig. 171). Place a 
watch on the stand : the vibration of its 
mechanism ‘causes great variations in 
tho resistance of the carbon con^ts, 
and produces corresponding changes in 
the amount of current passing round the 
cjrcuit; consequently equally varying 
currents through the telephone. Thus 
the sound made by the working parts of 
the watch is greatly magnified in the 
telephone. 


Xxp. To allow that the Bell-roeoivor may also bo uaod .'ui traaamlttor. 

The Bell telephone receiver was first invented for use as a transmitter ; 


the principle of its working may be illustrateC^ as 
follows : 



Fig. 172. K, key, .S’, in- 
sulated stand. 


E is a strong electromagnet (Fig. 172) fixed in a 
vertical position. C is a horizontally placed cojl 
consisting of a large number of turns of copper wire 
whose ends are connected to a micro-ammeter If- 
If, whe^ a steady current is passed through the 
^ooil, a largo sheet of iron I is moved quickly up 
and down above the pole of the electro-m|gnet, 
currents arc induced in the coil C by the motion of 
the iron in th\) magnetic field and are recorded by 
the micro-ammeter M. 

In the Bell telephonic transmitter the vibrations 
of tke sheet iron diaphragm D (Fig. 169) caused 


rapid variations in the magnetic flux passing through the o^i^s surrounding 
the electro-magnet AfM, thereby producing by indnetlon a correspondingly 
varying current in the line. This transmitter has, however, been superseded 
by the microphonic transmitter. 
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Questions on Chapter X 

1. A fiat J!ruular coil of copper wire ie rotated in the Earth's field. 
Explain the production di an alternating current by this method, stating 
when this induced current is (a) a maximum, (b) a minimum. What 
conslj^erations affect the value of the b.u.f. generated by the rotation of 
the ooii? 

2. Carefully explain fho working of a Himplu direct current dynamo, 
clearly indicating the functions of (a) the Armature, {b) the Field Magnets, 
(c) the Commutator. Illustrate by carefully drawn diagrams. 

3. Describe some form of dynamo armature designed so as to produce a 

steady k.m.k. . 

4. What factors limit the use of a direct current machine in generating 
power for industrial purposes ? Give a very short description of th6 turbo- 
alternator. 

5. Write descriptive notes on (a) the carbon filament lamp, {h) the gas 
filled Tungsten filament lamp, (c) the Pointolite lamp. Why are electric 
l^paps usually arranged in parallel ? 

6. Describe the various ways in which an electric arc may be used as a 
source o< («) light, (h) heat, with special reference to (n) optical projection, 
(6) electric Welding. 

7. , Give a description of some simple method of communicating 
electrically between two (a) near, (ft) distant stations. 

8. Carefully explain the use of the microphone ami telephone in the 
transmission of speech by electricity along wires. 


13—2 
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THE CONSTITUTION Of MATTER— ELECT RON^X-RAYS- 
RADIO-ACTIVITY- WIRELESS TELEGRAPHY AND TELE- 
PHONY. 

116 . Discharge of Electricity through rare*tied 
gases. 

Tho largo currentn used in otectrical industry impress us: their 
use in developing power by their passage tbroiigK coils, motors 
and other appliances. Nevertheless, it is not by experimenting 
with largo, but nither with relatively small currents, that the 
recent tidvance in electrical science has l)een achicve^l. The study 
^ of the electric spark, and of the nature of discharge through 
rarefied gas, has Jlcd to tho discovery of tho electron and has 
carried us a stage farther in understanding the constitution of 
matter. 

The electric spark produced by an induction coil [see § 56] 
appears as a pulsating luminous streak, a liglitning flash in 
miniature, and is accompan^,d by a loud crackling noi^e, ' But if 
tho discliargo takes ^ace within a closed glass tube in which the 
pressure of the contai^ied air is gradually reduced, its character 
undergoes several important changes. 

Demonstratioil. Connect a ckxsed glass tube, about 3 feet 
long, having two aluminium electrodes inserted through its tmds 



4 Fig^78. J, Induction coil. P, Qaede air-pump. P, Battery. 
T, Tube trom which air is pumped. Anode. X, Kathode. 
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(Fig. 173), to a Oaede' rotary air-pmnp, opt^ratoil liy an electric 
motor. The electro<les are connected “in parallel ” to the secondary 
terminals ol^# powerful induction coil, across which a spark dis- 
charge is passed. 

At^first, the. prcssmjc in the tube is still atmospheric and no 
sparking occurs in the tube. But as the pre.ssure of the contained 
air falls, the resistance drops until a long, brilliant juirph* discharge 
appears between the*electr»)des. iMirtht'r redik'tion of pwissure 
causes the luminosity to dimini.sli, until a dark space (Faroilay 
Dark Space) appears next to the Kathode (Fig. 174), and in the 
column are observed alternations of light ami dark sjiaces ealUxi 
‘ striations.'’ The Katlaide itself apj>ears li|minous, and from its 
surface violet rays appear to shoot off. The walls of the tul)o glow 
with a greenish light. 



I^ig. 174. .4, Anode. A', Kathode. A’, Faraday Dark Space. .V, A, Striations. 


If a strong magnel is^brought near the tuiw* ( Fig. 1 75), so that a 
horizontal transverse magnetic tield flows acros.s it, the discharge 
is deflected upward or downward, ef. 4 1 . 



Fig. 175. 


The various phenomena connected with these cjfperimentH were 
first thoroughly infestigated by Sir Wrn CrocAt's and later by a 


^ Excellent results are obtainable with this make or pump. 
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group of British scientists led by Sir J. J. Thomson, whose con- 
clusions are of far reaching importance and are enumerated below : 

(i) The discharge consists of a stream of ultra-atibipic corpuscles 

{electrons) projected in straight lines from tjie Kathode with high 
velocity. c 

(ii) These electrons are negatively charged. 

(iii) The rnasg and charge of an electron are constant and 
independent of the nature of the electrodes and of the gas inside 
the tube. 

The term Kathode Raya” was given to this stream of cleOtrons. 
These conclusions may be illustrated by the following experiments; 

(i) A stream of Kathode Raya is paasi^d through a vacuum 
tube if! which is inserted a metallic obstacle {e.g. Maltese Cross), 
• A sharp shadow is thrown upon the walls of the tube (Fig. IW). 



Fig. 170. Fig. 177. 


(ii) Again in a vacuous tube a light paddle wheel of mica is 
placed, so that the rays fall on the upper portion (/vhe wheel: it 
rotates as if struck by a propelling stream of particles. A power- 
ful magnet wtil deflect the rays ^^ownwards so that the wheel 
rotates back towards its original position (Fig. 177). 

116. Ths charge on an electron and ite*maM. 

The ratio of the charge on an electron {s) and its mass (m) 
^as obtained ^y .Sir J. J. Thomson by observing the deflection 
pri^uced on a stream of electrons by uniform magnetic and electric 
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fields. He also found the ratio efm by measuring the ratti.of fall 
of a cloud of particles of moisture condeusod on electrons, ^he 
relation of the charge to the mass was in each cas^ tlie same. 

From tlfesc and many otlier confirming experiments it was 
found that 

^a) The electron is a constituent of all matter. 

(6) The mass of an electron is j ^ the mass of an aUjm of 
hydrogen. 

(c) The charge on an electroti is equal to the charge on an 
atom of hydfogen in electrolysis, viz. 4*77 x 10 electrostatic 
e.G.s. units. 

Positive Rays. 

Positively charged particles have also l>een discovered^ in the 
discharge tulie proceeding in a direction opposite to the Kathfxle,, 
stream. But their mans has alwaye been fotmid to he, of atomic 
diuMnsiom. It is therc'fore likely that these positividy charged 
lnarticles are the nuclei of atoms from which electrons have liecome 
separated. Consequently, it is assunuxl that practically the whole 
mass •£ the atom is carried by the nucleus, which has a charge of 
positive dlectricity just sufficient t(f neutndize the charge on its 
few extremely light satftlites, the electrons. 

117. X-Rays. (Tldntgeii Rays.) 

The waves which constitute X-Rays are produced by the ira- 
pilfit of a stream of electrons on a solid object. 

An X-Ray tube (Fig. 178) consistifof an almost vacuous glass 
bulb in wftish a stream of Kathoile Rays, proceeding from a 
concave negative electrode, is concentrated on one spot of a platinpm 
platform T {a^Ui-Kathode). 

Demonstratioii. 

Paint tl?e outside of an X-Ray bulb with lamp black in order 
to get rid of the ghosphoreadbuce caused by the Kathode Kays. 
Darken the room and on passing a dischar^ from a powerful 
induction coil through the tube, nothing is dbserfed Ihe 
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eye. If, however, a scream coated with barium platino-cyanide is 
pitted near the bulb, this chemical substance glows with a bluish 
pho8phorescenc,‘. Thus the X-Rays, themselves innuihle, may be 
detected by their effect on certain chemical siibstancfes. 



If the hand is placi'd on the side of the screen nearest tlie 
bulb, the X-llays, peitetratiii^g the tlesh b\it*not the borte, cast a 
shadow of the carpal and metacarpal bond's which is clearly seen. 

Bxp. (i). Ro{K'at, substitutim? for th^sereen a p1iotographi<* plate wrapped 
in black paper. Develop after exposure for 30 seconds (say). 

1»*P- (ii). Detleot the stream of electrons from the anti-kathode by means 
of a powerful olectro-ina^jnet : the X-liay effect disappears. 

Properttes of X-Rayi. 

, X-Rays have the following properties : 

(а) Invisible to the human eye, they consist of waves or pulses 

whose wave-length is shorter than that of light. These pulses are 
produced by the impact of electrona * 

(б) The rays have great penetrflting pow(^, passing through 
many substances o^ue to onlinary light, e.g. wood, flesh, cloth, 
but urA stopped by optically denser substances, t.g. bone and metal. 
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(c) They may be detected by their effect on certain cheniTOiil 

substances, silver salts {photographic plates), baiium platino- 
cyanide, etc. • • 

(d) They render the gas tlirough which they pass a conductor 
of elcctiicity by liberathig electrons from the atoms (ionization). 

dl8. Radio-activity. 

It has been suggested in 5^ 10 that the atomic system may bo 
not unlike a planetary system in which the electrons movi; around 
the central p<jsitive nucleus. In certain substances of high atomic 
weight .such as uranium (a.w. ‘238) ami radiu m^ A.w. 220), tlie 
atomic system is supposed to be unstable and frcijuent miniature 
internal explosions occur, electrons and fxjrtions of tin? nucleus 
bc*ing thrown out <*f the atom with great vi‘locily. Thrc'e types of 
rj^liation are emitted from ra<lio-aclive substances, viz.:. 

tt rays : Positively charged jwirticles (lielimh) whose velocity of 
projection is velocity of light. 

* /3 rays : Klectrons trav«*lling with an averag(‘ speed of half the 

velocity of light. 

y raysf'. fdentii^l with X-Kays and caused by the sudden pro- 
jection and big initial {‘^'celeration of tin? elecUons in the (i rays. 

119. The Transmutation of Elements. 

» 

It will readily be seen from the new th(‘ory f»f the atom [,^ 10] 
after the expulsion of the a and ft particles, the atomic system 
must necessarily bo rcgroupc*d, and a wew atom formed possessing 
properties v4iffercnt f rorn those original ly obs<*rved , i.e. a new element 
is prodneed. This has l>een proved by KutherfoitPs work on the 
transmutation of elements, bj which he has slio^u that Uranium 
is the parent of a long chain of elements in which are included 
Radium, Pplonium,*and Lead. ‘ 
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WIRELESS TELEGRAPHY. 

« 

Just thiH— the tiniest flash of energy 
Started beyond the furthest reach of spjvce 
Makes ripples that will spread ui.til the rings 
Circling in the black {mmjI of time will touch 
All other forms of energy and light. 

t From The Ohm's Booky Ed<iAR Lee Masters. 

120. Demonitratlon. An electrically drivep tuning fork 
(Fig. 179) has ^)ent metal tongue or “clipper” {P)y attached to one 
of its prongs, which dips into a trough of water or mercury. 
Turn on the current and the fork is sot into rapid vibration, pro- 
ducing J)y the up and down motion of the dipper, ever increasing 
.wave rings in the liquid. Specks of lycopodium floating quietly on 



Fig. 179. li, Battery, f, Large Turing fork. C, Contact breaker, 
ir, Water. P, Vibrating point. M, Klectro*magaet. 


the surface some distance away from the centre of the distuft)- 
ance are agitated by the wave motion, moving not laterally but 
vertically, whilst the wave passes on in an ever widening circle. 

Jliese waves have a definite velocittf (vel. of wave motion = V) 
and a definite wXve-length (A), whilst a definite number (n) pass 
a lyooiKKlium speck in a given interval of tiiiie. It follows that 
> = nA. 

This experiment, which may be ‘‘projected” on a screen very 
successfully by means of an optical lantern, illustrates the chief 
facfhiOf wave m(Aiion. In this chapter we shall deal with electric 
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waves produced in the ether 0 / space [ijt] !»y a vil>rating,,or as it 
is termed, an oscUlaUwy electric current. 

• ’ 

121. Besonance or Tuning. 


Bzp. (i) A and two simple {lendulumfl 

suspended from a horizoJtol flexible lath clumped 
to |n upright stand (Fig. 1S(J). It is found, when the 
strings are unequal in length, that if one pendulum 
is set into vibration thesother still remains at rest : 
if, however, the lengths of the strings are made 
exactly equal, the motion of the moving pendulum 
is communica^d to its neighbour and both vibrate 
together. 

Bzp. (ii) Obtain two tuning forks of equitl pitch, 
mounted on /esonanco boxes. Strike one fork and 
hold it a short distance from the other. Next silence 
Uie vibrating fork with the tiugers: the note of the 
second fork is then distinctly heard. • 

This phenomenon known as Resonance 
• or Tuning illustrates a fact of great im- 



Fig. IHO. 


portance in the study of Wireless Telegnipliy : that any wave 


motion is communicated to, or detoct<Kl hy a suitahlc instrument 


having Vhe same frdtjuency as the ^brating instrument producing 
the motion ; Le. when tfie producer and receiver give out or respond 


to waves of the same wave-length.s. 


122. Condenier Diicharge— Oicillatory Circuit. 

** In Fig. 181 a is illustraUnl a inetjiod of obtaining a brilliant 
spark disgljarge using a Ijeydmi jar as condenser. One of the 
terminals of an induction coil is connected to the knob of a 
Leyden jar. The second terminal is joincxi loathe outer coilting 
of the jar by a wire which A continued by a piece of stout copper 
wire attached to < second knob thus forming the spark-gap 
On passing a current through the coil a suqcession of sparks 
cross the gap 

It was shown by Kelvin in 1853, that, when a condenser is 
discharged in this manner, the electricity doA nolf siidjjly rush 
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across the spark-gap in one direction, but surges backwards and 
forv^rdsy charging and discharging the condenser in successive 
cycles until itsf energy is frittered away and damped by the 
resistance of the circuit. , • 



Pig. 18V /, Induction coil. L, Lcyd«n Jar Condenser. .S’, Spark-Gap. 

* , C, Condenser. 1 \ Connection to induence machine or coil. 

4 

An electrical circuit, such as thi.s, containing a condenser 
(Fig. 181 e) i.s known as an osciflafory cirenif, owing to the fact that 
an oscillating current of high freijuency traverses the circuit 
C, At 'whenever a .spark cr(>ss(\s the gap S'". This ra^jidly 

alternating current constitutes an electrically vibrating source, 
and, as Clerk Ma.xwell predicted in 1863, ^produces waves in the 
ether which travel out with the velocity of light. 

133. Electrical Reionance or Tuning. 

These electric waves ma^ be detected in a very simple manner 
by means of an experiment devised by Sir Oliver Lodge jlfig- 1816). 
A similar circuit consisting of a Leyden jar, spark-gap S"t *^nd 
parallel wires ar, t/, connected by a sliding contact i, is placed a 
short distance away from the transmitting apparatus (Fig. 181 a). 
-.Whenever the key is pressed in the primary circuit, a spark will 
pass across the gjp S" at the same time as it passes 'across S't 
provided that S" is not more than in wiej^h and that the 
second circuit is placed in tune with the first by adjusting the 
posifiou t>f the 8)i(fing contact (/). 
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Transnlmion of Wireless 


TRANSMITTER 


124. The work of Marconi. 

In his first experiments Marconi substituted “aerials^ or 
“antennae*' Fig. 184 for the condenser C 
( Fig. 181 c).* To one knob of the spark -g(>p 
was fastened a long wh-o (acrial)suspended 
in tluiTair between twft insulated masts. 

Tlfiiother knob was “earthed " by connect- 
ing it to a metal p^ato A' sunk in the 
ground. Similar wires connected the ter- 
minals of the^letectorused in the receiving 
apparatus. This system may be regardiHl 
as a condi’ii.ser, the aerial and the earth 
constituting the plates with the air as 
thedielectrfc between them. On charging 
%nd discharging the aerial by means of 
the coil, the electi icity surges baekward.s 
and forwards across the spark-gap and 
• by its oscillation produces waves in tlu; 
ether which travel out with the velocity 
of light. 

For tJpcB ot fierialff, Wic Fig. 184. • 

. Coupled Oscillatory Circuits. 

The “open” oscillatory circuit has 
many di.sad vantages, the citief being, 

leakage of energy in brush discharges due to the high voltage 
required to produce the requi.site po\^er, and (h) breakdown of in- 
sulation otf^the aerial in wet weather. It was therefore advantar 
geous to return to the closed oscillatory circuit Hg. 183 and operate 
by induction on the aerial. This is known as ^poupled circifit. 


I 






Fig. 182. Earthed wire, 
Spurk-Oap and Aerial. 


125. The Transmitter. 

Fig. 1^3 explains itself. A coil of wire L containing a large 
number of turns is introduced into the closed oscillatory circuit 
of § 122, so as S) act by mutual induction on a coil JF which 
connects the aerial and the earth plate. By*altBring*theicj|(llcity 
of the condenser C and the number of turnskin the coil L we can 
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bring this circuit “in tune” with the aerial, so that, when a Mries 
of sparks passes across 5, and produces an oscillating current in the 
circuit CLS^ 9 * similar current is induced in themerinl whic^ in 
its turii sends out a train of electric viaves. The connections of 
the corresponding receiving circuit are liased on the same prin- 
ciple, the wave-length %f the receiving circuit being “ tuned ” to 
that of the sending startion. 

126 . The Ciyital Detector. 

One of the simplest 
and most efficient methods 
for the detection and re- 
ception of electric wave-s 
is in the uSo of certain 
cj^stals such as carVxiriin- 
dum, zincite-chalcopyrite 
(“ Perikon ”), zinciUi-tel- 
Jurium. It is found that 
if a suitable crystal is 
held between two metal 
supportEf (Fig. 185) it 
conducts electricity mu#li 
better in one direction 
than the other. Consequent!}^ if the crystal is placwl in a closed 
oscillatory circuit, the current in one direction will be damped 
dtPIvn whilst the current in the other direction will pass through 
unimpeded. Thus the crystal acts as a rectifier ermverting the 
alternating Current into a current flowing in one direction. 

In order to convert the electric waves into sound wavestfor 
the purposes of receiving, a Idgh resistance telepitone is also intro- 
duced into the cryptal circuit. When a train of waves reaches^ 
the receiver it is transformed by the crystal into a “ one way ” 
current whose eflj^t is to etert a pull on the diaphragm of the 
telephone producing a sharp click. If the key at the transmitting 
station is depressed for a short time we get a stries af spa^of 
definite frequency. Each spaik produces its ^wn group of waves 
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which in its tnrn causes a click in the telephone. A succession 
of clicks is therefore heard as a buzzing note for as long a time 
as the key in t^ie sending station is pressed. By depressing the 
key for long or short ii\tervals, communication in* the Morse 
Code is made possible. 




127. The Receiving Station. 

As in transmission^ so in reception it was found that the best 
results were obtained when the 
aerial was used to operate by in- 
duction on the redeiving circuit. 
A plan of a receiving circuit is 
shown in Fig. 186, in which a 
crystal K is usal asithe detector. 
In practice, tlie crystal works 
far more elliciently if a steady 
potential ditlerence is maintaiined 
between its ends. This is applied 
by means of a battery and poten- 
tiometer (not shown in figure). 
Tt is important tliat tho.receiving 
circuit «and the aerial circuit 
should be both in tune with one 





1 
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777 ^ 

Fig. 18(5. llocoiving Stiilion with 
cry.slal iiett!ctt>r. 


another and with the transmitting* tation. This is accomplished by 
varying the capacity of tlic condenser and tlie number of turns in 
the coils. ^ 



128. The Thermionic Valve 
and its use in conneV:lion with* 
Wireless Telegraphy and Tele- 
phony. • 

A notable advance in the science of 
Wireless Telegraphy was made in 1904 
by a discovery of Fleming and his in- 
vention of the Thermionic Valve. The 
valve consists of a vacuum glow lamp 

containing a Tungsten filament F (Fig. 

* «- 
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187) anj a metal plate P, The filament F ia luiated to incan- 
descence by means of an auxiliary lottery A filaitienl in this 
condition eny ts (- ve) electrons, 
but ordinarily these electrons re- 
main in the neighbourhood of the 
filameat. I f however aipottmt ial 
di£Eez’ence is applied l^tween the 
plate and the filament by the 
battery B,^ so tliat tlie plate has 
a positive potential with resp<*ct* 
to the filauient, a stream of 
electrons is drawn across the 
intervening space and may l>o 
I’ecorded by the galvanomettjr 0. 

On the other hand, if the plate P 
is of negative potential with re- 
spect to thofilament, the electrons 
are repel led and no current passes. 

^f the plate P is connected either ^’iK- hpctivinK Station with 
directly, or, by induction, to an Flominj, Valve, 

aerial (Big. 188), tluJ potential of will alternately be positive 
or negative, and therefore, during one half of each complete 
oscUIation a current will pass l^etween /’and /^ This instrument 
can therefore be likened to a vfHve, for a current can pass through 
it in one direction only. If a telephone (Fig. 188) is included in the 
cipiuit, it will emit a musical note whenever signals, causwl by waves 
in the ether of suitable wave-length, nyich the ret^eiving station. 

•• 

139. The Triode Valve or Amplifier. ^ 

The efficiency of the Flendng Valve was greaily im|)roved, in 
1913, by De Forest who inserted a grid Gy consisting of a wire^ 
mesh or 8pi|^l, beti^^n the filament F and the plate if. A steady 
E.M.F. is applied across the space between the flate A and the 
filament /* by a bfittery of dry cells (about 50 volts)* so that A is 

* The X.M.F. reqaired varies with the particalar fdnmof valve inure?' 
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^ charged to a positive potential with respect to the hlameiA. If the 
hlament is heated to incandescence, this positive charge draws a 
steady stream of electrons ^rom the hot 
filament into the plate telephone 'circuit. 
(Fig. 189.) 

►Suppose howo? er that the gfkl G is 
subjected to a varying potential. When- 
ever G lias a negative charge the electrons 
are driven back, and no electrons reach the 
plate through the meshes of the grid. On 
the other hand if G has a positive potential, 
the electron flow is assisted by the presence 
of the grid, and a large current will pass 
across to A and enter the telephone circuit. 
Very small changes of potential on the 
grid cause great current differences in tHe 
telephones, tlicse currents being derived 
from the battery which heats the filament 
In practice the grid is connected to the 
aerials (Fig. 190), and any signals which reach the valve ^create 
small, rapid variations of potential in the grid, which) in their 



Fig. 189. Trimlo Valve, 
French Pattern. 



Fift 190. Receiver for Wireless Telegraphy or Telephony with Triode 1 
oonneotion to phones or amplifier. 
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turn, prcxjucfrgreatly amplified direct currentn in the plate filamoni 
circuit, in which the telephone is placed. 

130. Tuning Coil. 

In Fi;f. 191 is depicted a tuning apparatus which has liecn found 
extre^icly useful ffir reception in both Wireless Telegraphy and 
Telephony. The coil , diameter 3*2",contjiin.s 1 35 turns of copper 
^ire, No. 28 single layer. The reaction coil contAins 62 turns 
of No. 28 wire wo^nd on a cylinder 2*75" di^uneter which inovdl 
inside the coil Tuning is effected («) by intrixlucing noil 
turns (“tappings”) into the coil Z, by switching over the dial 
contact P ; {b) by moving the coil to and frjynifchin the outer 
coil by means of the rod R. • *5^ 



The Receiving Station (Fig. 190). 

Thirteen or fourteen fou^volt flash lamp Ijatteries provide tb^ 
B. M. F. across the filament-plate gap, a four- volt accumulator being 
used to heat the filament. C, and are variable condensers of 
maximuia^capacities 005 and 001 microfarad respectively : B is 
a small blocking condenser across the phones, S a “grid leak” of 2 
megohms resistance. A C-ossar valve may l>e u^. The app^tus 
is capable of receiving waves from 200-1800 metres (X). 

181.» Wlrelgn Telephony. 

The waves produced by the passage of a Ipark across a gap 
are ** damped'^ waves, i,e. waves whose amplitude steadily 
diminishes and whose energy quickly dies afra]|. Tl^e are 

14—2 
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\i8ele8s for the transmission of speech, and for th?&''pur]^se un- 
dam^ or continuous waves are employed. One of the greatest 
advantages of the triode valve is that under certaip conditions 
it can be made to emit continuous waves, i.e. waves of constant 
» amplitude. c 

Fig. 192 represents a simple and efficienlftransmitting set^for a 
wireless telephone. On careful examination of the connections^t 
%ill be seen that it consists of two dmed oscillatory circuits, viz. the 
^late circuit /^, /), F (containing the aerial, earth and conden- 
ser 6^,) and the grid circuit (contiiining the grid condenser 



Cj). Lot us suppose that an Vilectric oscillation reaches the aenai : 
this will create an alternating potential in the grid and hence an 
oscillatory current in the grid circuit. The variations in the 
potential of the ^id will correspond^gly affect the strength of 
^e current that is driven across the space FP and therefore will 
, produce an oscillatory current in the plate circuit. If tho grid and 
plate circuits are' properly tuned, th^ alternating currents, by 
reacting on and reinforcing one another, will mlintain their flow 
and %uia9 a fontiiiuohs oscillating current to be developed, which 
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on passing Ihrough the coil L gives rise to a train of continuous 
waves pi'ojected into space from the aerial. 

When tlie valve is oscillating continuous waves of constant 
amplitude are sent out from the aertal. But if a microphone is 
inserted in the systmn at M the resistance of the aerial circuit 
is^alteroff by speaking into the microphone (set^ 114], and the 
strength of the alternating current in the ac^rials is altered 
correspondingly, ai# the diaphragm vibrates «nd(T the influence^ 
of the sound waves. The amplitude of the waves emitted is 
therefore a.Tected, and these waves, in turn, on reaching the 
receiving aerials cause corre.spomling changes^si^ffe potential of 
the grid which affect the thermionic curwmt. These changes in 
the current across the vacuous space in the valve, by Ixnng 
passed through a series of valve amplifiers are magnified further, 
to such an cxt(?nt, that the human voice can be reproduced witli 
great accuracy in tlie telephon#»s. 

Questions on Chapter XI 

1. Contrast the apjKjarance and character of an electric spark in air 
(a) af atmospheric pressure, (b) at very low pressures in a discharge tube. 

2. What is an elwtrou ? Describe the exfieriments which led to iti 
disoovery and to the indication of its properties. 

3. W'hat do these experiments teach us of the nature of the atom and 

the constitution of matter ? ^ 

4. Describe the production and properties of X-Ilays and show how they 
dilfer from Kathode Bays. How would you prepare a radiograph of a foreign 
body in the forearm ? 

5. What^do you understand by Radio-activity? What are the chief 
radio-active snbstances and what evidence is there for the assumptioni that 
they are constantly changing their nature? 

6. What are the cj^aracteristics of a condenser discharge and how is so^ 
a discharge enade use of in the production of electric waves? 

7. Give a short aocount of either (a) a crystal detector, (h) a thermionii 
valve for use in thefeeeption of wireless signals. 

8. For what purpose are the following reqniretf inia Tnyismittijgll eet: 
(a) aerials, (6) spark-gap, (c) condenser, (d) induction coil 7 



APPENDIX I 


Lamp ReBlit%nce Board. 

A suitable resistance V>oard, resistances varying from 

80-3000 ohms and suitable for use with the lamp mauis, is shown 
in Fig. 193 apparatus may l)e put together in the school 

workshop. Two main wires with terminals at A and P respect- 



h 


vely pass round the underside, of a*board, shtwn in the plan, 
md are ^b^ded^intgrooves filled with paraffin wax. Six lamp- 
lolders are fixed at so that when a lamp is inserted the 
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two wires ari^Bfidged by the lamp filament at these points. The 
wires are interrupted at the five intervals lietween the lamps^uf 
each may be*raade continuous by the insertion plugs at the 
numbered jtinctions. 

P^ftionstration pn method of using, (a) Lamps in • 
parallel (resistance decreased). 

Terminals A and ^ ordy are used and joined to the main supply® 
with an ammeter (reading to 3 amps.) in the circuit. Insert all • 
the plugs : no current will How {Intil the two wir(?s are joined by 
inserting lamps in the lamp-holders. 

The ci^^cuit was Of 2‘20 volts and the lafRps used were Kdiswan 
Carbon filiwnent 32 c.p. of approx. 490 ohms resistance. One, 
two... to six larap.s were inserted in parallel and the corresponding 
•mmeter readings taken. 


Lunip.'^ 

inserted 

Amperes 

p. I). Volts be- ; 
tween A and J) j 

c-’‘ 

ohnis 

1 

0*45 

220 Volts 1 

488 

2 • 

0 00 

• • 

24.5 

3 

,1-35 


103 

4 

1-B2 


122 

5 

2 -HO 

1 

95 

G 

2-75 • 

1 


80 


Draw the curve 


Lamps in Parallel 
Resistance ' 


(6) Lamps in series (resistance increased). A is always 
joined to one of the main terminals. CautiOQ^ the other main 
terminal must never he joi'Aed to C or B witiioui first removing a 
plug (usu^ly No. 1) from the outer tvire : this prevents short-cff 
cuiting. Insert all the lamps and plugs except No. 1. Join 
B to the ammeter, then switch on the main current, which now 
passes through Zj. Next remove plug No«3 and join C tp the 
ammeter. The current now passes through Zf and*Z, tn^teries. 
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^Notice f;hat the lamps fade or emit no light, altd fbe ammeter 
falls. Remove plug No. 5, and finally No. 7 and No. 9, 
changing the ahmieter wire from 5 to 0 alternatdly, and take 
current readings (ainp^res)f 






Lamps 

Current 

p. i>. 


in Series 

Amps. 

Volts 

Ohms 

* 


Ajiprox. 

1 

0-460 

220 

490 


0-225 
0-150 1 


980 
. 1470 

4 '■ 

0-112 


‘I960 

5 

0-090 


2450 

(i 

0-075 


2940 


Draw a curve 


Lamps ill Series 
Kesistance 


(c) Lamps in parallel and in series. 

Vary the above by placing some lamps in series, others in 
parallel, and calculate Jlie resistance. , • 

Repeated Caution, if the main mfply is used : 

(1) Always remove piny No. 1 when using terminals A and C. 

(2) Always have benches, Jittings and fingers absolutely dry. 

(3) Make certain that the connections are correct before switch- 
ing on the main cim'ent. * 

N.B. The chief difference between using the maii^Supply and • 
a battery of cells is that the p. n. between the terminals remains 
Donstant (= E) iif ftie former case, whereas, when a battery is used, 

P. D. falls when current has passed for a shorter or a longer 
time according to ; then p, d. < jK (see § 66). 
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APPENDIX. 11 


TABi?fc OF Tanuknts (r~7o"). 








. ... 

— ■ 

Degs. 

Tan. 


Tan. 

Dogs. 

Tan.# 

Dogs. 

Tan. 







<■ 


0 

1 

• 

0 

•0175 


•3839 

41 

•869# 


1*804 

2 

\)349 


•4040 

42 

^004 

62 

T881 

3 

•oaig4 

•0699 

23 

•4245 

43 

•9325 

63 

1*963 

4 

24 

•4 152 

44 

•9657 

64 

2-050 

6 

•0875 

25 

•4663 

45 

i-o<« 

65 

•2-145 

6 

•1051 

26 

•4877 

46 

1 036 

66 

2-246 

7 

•1228 

27 

•5095 

47 

l-07t 

67 

2-356 

8 

•1405 

28 

5317 

48 

Till 

68 

2-476 

9 

•1584 

29 

•5543 

49 

T150 

6<^ 

2-605 

10 

•1763 

30 

•5774 

50 I 

1192 

70 

2'747 

11 

•1944 

31 

•6009 

51 1 

T235 



1^ 

•2126 

32 

•6249 

52 1 

T280 



13 • 

•2309 

33 

•6494 

.53 j 

T327 



14 

•2493 


•6745 

.54 i 

f-376 



15 

•2680 

35 • 

•7002 

55 ; 

T428 



16 

•2868 

36 

•7265 

56 

T483 



17 

■3067 

37 

•75S« 

57 

T540 



18 

•3249 

1 38 

•7813 

58 

T6<K) 




•3443 

I 39 

•8098 

59 

1-664 



20 

•3640 

40 

•8.391 

60, 1 

T732 

! 

1 
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APPENDIX III 


British Standard Wire Qadoe* (s.w.o.; 


8. W.O. 

Diani. iti cms. 

H. W.O. 

Diam. in ctns. 





8 

0*4064 • 

26 

0-0457 

10 

•3251 

28 

•03?6 


•2(»42 

30 

•0315 

U ^ 

^ *2032 

32 " 

I. 02743. 

16 

• *1626 

34 

1 02337 

18 

•1219 

36 

•Oll^tt 

, 20 

•0914 

38 

j 01524 

22 

'0711 

40 

; 01219 

24 

•0559 

42 

i -01016 


APPENDIX IV 


Resistances of Wire in Ohms per Metre, 


8, W. 0. 

Copper 

German Silver 

*Eureka 

Platinoid (Martino’s) 

12 

•0032 

•04> 

•086 


16 

•0083 

•109 

•228 


20 

•0260 

•345 

•722 

! -622 

^6 

•105 

1-38 

2-89 

1 2-50 

30 

•222 «« 

2^90 

— 

i 5-25 

36 

4 

•590 

774 

— 

—41 




^NSWEKS TO EXAMPLES 

*Ch4P. II. Current, Pressure and Resistance. 

7. 1 amp, 8. 1*6 volts, volts. 

Chap, III. Magnetism. 

• 

5. 104°. 6. 44°. 11. l^V^lynes. 

12. nil, 8g dynes. 13. 90, 9. 18. J dynjyjs^kllel axis. 

21. 65 06 <^.8. units ' 22. 1:27. 

Chap. IV^e.m, Measurements, Tangent Galvanometer. 

% 19° 25', 36 3'. 10. -132, *279 amp. 

11. *0003 E.M. unit. *003 amp. *099 e.M. unit. *99 ^mp. 12. 77° 18'. 

^ Chap. VI. Electrolysis. 

4. 1*771 gm. 8. 2 amps. 9. ,^3. 11. *001119. 

Chap? VII. Resistances, Shunts. 

11. 6tV ohms. 12. ^huut of ^ ohm. ’ 

13. *076 amp. ; *14 amp., *077 amp. 14. *44 amp. *6 amp. 

15, (a) 2 amps, 3*3 amps, (b) *2%rap. •05.') amp. 

16. 136 ohms, 17. *25 amp. 18. 2, 10 ohms. 

19.Wlmmeter resistance = 6 ohms. Batterv = 4 ohms. 20. 4826*4 oms. 

Chap. VIII. Heating and Power. 

7. 30° C. 8. 7*4 amps. 9. 4*215 Joules. 

10. *10 H.p. -31 amp^ 11. 10*2 mps. U. IJd 

12. 7*85 amps. 385 watts. 
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The numbers refer to paragraphs 


Absolute Units 79 
Aocumulators 64 
Animet^.47 
Ampere 46, 61 
Amp^ire’s 40. 41 
Arc, The EimrirtW 
Astotio Pair 22, 43 
Atomic Number 2, 10 
• 

^ Back K.M.F. 17, 64 
Battery, Floating 40 « 

Bordeaux System 111 

Calibration 47 

Capacity 88, 90; Inductive 91 
Cells 14-19; grouping of 72 
Charge and Potential 86, ^8 * 

Oondanoers o* Induction Coil, 
68, 91; Variable 91 
^Condensing Electroscope 14 
' Conductance 70 
Conductors 8, 4 
Contact-breaker 89 
Control of Sensitiveno^^,!^ 
Corkscrew Rule 40 
Coulomb 79 
Crodkes’ Tube 116 
Crystal Detector 

^^irrent 4, 10, 11, 12, 18; Measurc- 
'*^ment of 46-47 

Declination 28 
Depolariser 17 
Diel&ri6 91^ 


Dip 25, 28; Circle 27 
Drum Arnf.iture 96 
Dynamo 96-97 

Earthing 7 

Earth’s M^^melism 26 
Electric B^I 39 ^ 

Electric Discharge tfliy^ugh Oases 116 
Electrical Machines 92 ; Principle of 
93 • 

Electrolysis 60; applied commer- 
cially 62 ; Faraday’s Laws 61 ; 
Theory of 63 

Electromotive Force 4, 11, 14, 66 * 
Electrons 2, 4, 6, 14, 116, 116 
Electrophorus 92 
Electroscope 7 

• 

Field of Force 48 
Ji'umace, Electric 108 

Galvanometer, tangent 46; mirror 
44 ; moving-coil 47 ^ 

Oalvunoscopes 42 

Heating Effects of Current 81-84 
Hibbert’s Magnetic Balance 29, 80 
H^^iteresis 60 

Inclination 26 

Ini^uced current 54-67 

Induction, elecfHc 6, 7 ; magnetio 28 

Induction coil 68 

Insulators 3 



Intensity of^^^j^ll^Field 31, 38 
Joule, The 80 

Joule’s Law 8l ; •Equivalent B‘2 

• 

Kathode Rays 115 
Kilowatt Jit) 

Lamp Resistance, Appendix I 
Lamps, Electric 102-107^ 

Law of Tangents 34 
Leyden Jar 91 

Lighting, Blectife 102; Efficiency 
104 

Lightning an^Gonductoc^l 
Lines of Force '^24, 41, 48 
Lodestone 20 * 

Lumen, The 104 

Magnetic Axis 22; Flux 48; Force, 
Law of 20, 29; Maps 24, 26; 
• Moment 22 ; Shells 40 
Magnetisation 50 ; Theory 51 
Magnetism 20 
Magneto IQl 
Magnetometer 33-36 
Mariner’s Compass 21 
Meohanical Equivalent of Heat 82 
Microphone 112 

Morse Instruments and Code 109 
MotQfs, Electric 100 
Moving-Coil and Moving-Iron Gal- 
vanometer <1^ 

Non-Conductors' 3 
Nuclei, atomic 2 

Ohm’s Law Ig, 65 
Oscillatoiy Circuit 122, 124 

^uallel, Cells in 14 ; Conductors 52 
Mtier Effect 64 


Index 

I 




Permeability, magnetic 49 
Plugs or Switches 17 
Pointolite Liimp 107 
Points, Action of 89> 

Polar! ^ti on 17 
Positive Rays 116 

Potential 4, 11, 13, 86, 88; fall 
along wire 67 
Potentiometer 68 
Power, Electric 80 
Proof Plane 89 * 

• 

Radio-activity 118 
Replenisher 93 ^ 

Resistance Jif 69; change with tem- 
perature^?; of a cell 72; labora- 
tory 69; cells 69; measurement of 
73, 74; liquid 76; parallel and 
series 69, 70 
Resonance 121, *123 
Rheostat 69 
Riintgcn Itays 117 

Secondary Batteries 64 
Seebcck Effect 83 
Slflints 71 • 

Solenoid 40, 50 . - ’ "*** 

Specific Resistance 76, 76 
Stator 99 

Surface Density 89 

Telegiuph, electric 42, *109 
Telephone rfVll4 
Terms and Conventions 15 
Thermionic Valve 128 
Transformers 

Transmutation of Elements 119 
Triode Valve 129 
Tuning 121, 123;, coil 130 
Turbo- Alternator 99 

Units, Absolulb sjjid Practical 79^ 
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Vacuum Tubes 116 
Variation 28 
Syt79 
Voltameter 61 ‘ 
Voltmeter 66 

Wheatstone’s Bridge 73 



Wimhurst’s 

Wireless Telegraphy 120-130 ; Tele- 
phony 131 
Work 80 

X-Rays 117 
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